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Low HDL with elevated 
LDL and triglycerides: 


A common denominator of 
many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are common 
among heart attack victims, and nearly two thirds of people who developed 
myocardial infarction in the PROCAM Trial had a low (< 35 mg/dL) baseline 
evel of HDL cholesterol. LOPID’ (gemfibrozil) is not indicated for the treatment 
ot patients with low HDL cholesterol as their only lipid abnormality. 











HEART ATTACK PATIENTS 
(PROCAM TRIAL)- 


PARKE-DAVIS 








Most cocaine users are so dedicated 
to the drug that what it does to their 
hearts never enters their minds. They 
don't realize that every time they use 
cocaine, they put themselves at risk for 
such potentially fatal cardiovascular 
complications as hypertensive crisis... 
myocarditis... myocardial infarction 

.. ventricular tachycardia... ventricu- 
lar fibrillation...even cardiac arrest. 

Chances are, at least some of 

these people are 
your patients. And 
many of them may 
feel more comfort- 


A short talk 


can go a long way. 





OME PEUPLE 
TAKE DRUG ABUSE 
TO HEART. 








able telling a nurse what they can’t—or 
won't—tell a doctor. That’s why your 
role becomes critical in helping sus- 
pected drug abusers understand what 
illegal drug use does to their bodies. 

As key members of the health 
care team, nurses can make a difference 
in helping to curb drug abuse, and in 
preventing some of its deadliest conse- 
quences. [he next time you suspect a 
patient may be using cocaine—or any 
illegal substance— 
have a heart-to-heart 
talk about the damage 
these drugs can do. 


Partnership for a Drug-Free America 
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Depend on Siemens Burdick for 
intelligent ECG technology. Inside 
and out, Burdick Stress Tolerance 
Testing Systems are engineered 
to provide accurate diagnostic 
performance for years to come. 


Useful Features; Easy 
Operation 

Depend on a full range of features 
you really need—selectable report 
format, ST segment analysis, high 
quality waveform displays, optional 
interpretive analysis, treadmill or 
bicycle compatability and more. 


Depend on user convenience built 
into every Burdick Stress System 
with preprogrammed protocols, 
easily accessible custom protocols, 
eye level displays, and uncompli- 


cated operation guided by easy to 
follow menu prompts. Burdick 
ExTOL Systems make stress testing 
a practical and affordable option 
for office, clinic or hospital. 


Experience 

For more than 40 years, health- 
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Burdick. In fact, Burdick has more 
electrocardiographs installed in 
the United States than any other 
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; Antiischemic and Metabolic Effects of Glutamate During i 
-Pacing in Patients with Stable Angina Pectoris Secondary to 

Either Coronary Artery Disease or Syndrome X | 

Anne Thomassen, Torsten T. Nielsen, Jens P. Bagger, Anders K. | 
| Pedersen, and Per Henningsen 





The effect of monosodium glutamate (1.2 or 2.5 mg/kg body weight 
administered intravenously) on anginal threshold, cardiac metabolism 
and hemodynamics were studied during 2 identical periods of coronary 
sinus pacing in 11 patients with stable angina pectoris, positive stress test 
results and pacing-induced cardiac lactate release due to coronary artery 
disease (n = 9) or syndrome X (n = 2). After glutamate, pacing time to 
onset of angina increased from 103 + 53 to 166 + 71 seconds (p <0.01) 
and ST-segment depression decreased after pacing from. 2.3 + 1.0. to 
16+ 1.1 mm (p <0.01). Arterial levels of glutamate increased 80% 
(p <0.001) and myocardial glutamate uptake 25% (p <0.01). Pacing- 
induced cardiac release of lactate (n = 11) diminished by 50% (p <0.05). 
Arterial free fatty acids decreased 20% (p <0.01). Circulating concentra- 
tions and cardiac exchanges of alanine, glucose, citrate, xanthine and 
hypoxanthine were unchanged. Glutamate did not influence heart rate, 
arterial blood pressure, coronary sinus blood flow or myocardial oxygen 
consumption. Glutamate was well tolerated. In conclusion, augmented 
provision of glutamate enhances pacing tolerance, presumably by a meta- 
bolic improvement of cardiac energy production during ischemia. 
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Angiographically Assessed Coronary Arterial Patency and 
- Reocclusion in Patients with Acute Myocardial Infarction 
- Treated with Anistreplase: Results of the A diac 
Reocclusion Multicenter Study (ARMS) 3 
Lucy Relik-van Wely, Rombout F. Visser, Joop M. J. van der Pol, 
ingrid Bartholomeus, Jaap E. Couvée, Henk Drost, André J. T. M. Vet, 
= Huib C. Klomps, Wim A. A. J. van Ekelen, Fred van den Berg, and 
X Hanno Krauss 





Coronary angiography was used to determine the patency the infarct: a 
related vessel in 156 patients with acute myocardial infarction 90 minutes 
a and 24 hours after the administration of 30 U of rts a intravenously - 





Introducing the HP SONOS 
1500, with Acoustic Quantifica- 
tion technology (patent pend- 
ing), the only cardiac imaging 
system on earth that can 
provide real-time quantification 
of cardiac function. 


The SONOS 1500 uses acoustic 
backscatter technology to de- 
tect the interface of blood and 
tissue in a user-defined region of 
interest, then gives you real-time 
measurements of blood area, 
fractional area change and area 
rate of change, displaying them 
as waveforms along with the 2D 
image of the heart. 


By assigning numbers to car- 

diac function, the SONOS 1500 
adds consistency from study to 
study, and from lab to lab. It 

makes it easier to track results, 
lets you see trends over time,and 
makes it possible to detect even 


the most subtle changes in 
cardiac function. 


And besides real-time measure- 
ments, the SONOS 1500 offers 
optional Digital Storage and 
Retrieval capabilities. 


It is a machine that will enable 
you to make diagnoses with 
greater confidence. And it will 
change forever the way you do 
your job. 


The SONOS 1500 is available 
now for demos. For more infor- 
mation, including a white paper 
on the clinical benefits of 
Acoustic Quantification technol- 
ogy, please call 1-800-637-3747. 


The HP SONOS 1500. When it 
comes to cardiac ultrasound, 
other machines don’t measure up 


Kip HEWLETT 


PACKARD 
See us at ECCO in 
Amsterdam, Booth 
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oninvasive criteria (clectrocardiopraptiie Glidnges:I ie of Chest pail 
to peak plasma creatine kinase). At 90 minutes, 73% of patients had a 
patent infarct-related vessel and at 24 hours 4% of patients had reocclu- = 
sion of the infarct-related vessel: In cases in which at least 2 of the Be 
noninvasive criteria indicated patency of the infarct-related vessel. e 
was a good correlation with the angiographically determined patency of T 
the vessel. re 








Acute Effects of inieavencns: Nicardipine o on A Hem odynamics 
and Cardiac Function in Patients with a Healed Myocardial _ 
Infarction and No Evidence of Congestive Heart Failure 
Takeshi Ogawa, Tatsuhiko Sekiguchi, Masanori Ishii, Kazunori Ushiyama, 
Kazuhiko Yasui, and Yasuro Sugishita | 











Acute effects of intravenous nicardipine (10 ug/kg) on systemic hemody- = 
namics and cardiac function were evaluated in patients with a healed 
myocardial infarction and no evidence of congestive heart failure. Our 

data show that a small dose of nicardipine exerts a favorable effect on 
impaired diastolic function, but depresses left ventricular pump function 

with much less effect on right heart circulation. i 
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Comparative Efficacy and Safety of Bepridil and Diltiazem i in 
Chronic Stable Angina Pectoris Refractory to Diltiazem 
Bramah N. Singh, for the Bepridil Collaborative Study Group 








This double-blind, multicenter study evaluated the efficacy and safety of 
bepridil (200 to 400 mg/day) in patients with chronic stable angina 
refractory to maximal tolerated doses of diltiazem (median 360 mg/day). 
After a 2-week baseline period with diltiazem, 86 patients were randomly 
assigned to either continue diltiazem (n = 40) or receive bepridil (n = 
46). Antianginal efficacy was determined by angina frequency, nitroglyc- 
erin consumption and exercise treadmill testing. At the end of 8 weeks of. 
double-blind therapy, changes in times to angina onset and 1 mm of ST- 
segment depression from baseline were significantly (p <0.05) greater 
with bepridil than with diltiazem. The groups did not differ significantly in 
angina frequency or nitroglycerin consumption. Bepridil reduced heart 
rate by 4 beats/min (p <0.001) and prolonged QTc by 35 ms (p <0.001). 
The most frequent adverse effects were nausea, asthenia, dizziness, head- 
ache and diarrhea. The data indicate that bepridil provided safe and 
effective antianginal therapy in patients who exhibited less than optimal, 
response to maximal tolerated doses of diltiazem. | o 
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o Pat t ventricular dysfunction were older, had a greater inci- 

G dence of 2 ee disease and class IV angina than the control group. ~ 
Angiographic success was lower (93 vs 95%, p <0.01) and. procedural 
mortality was increased (4 vs 1%, p <0.001) in the study group. Survival 
at I and 4 years was 87 and 69%. These data suggest that percutaneous. eae 
transluminal coronary angioplasty may be an effective treatment in. pa- 
tients with left ventricular dysfunction. 
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£ Cotiparison of Exercise Radionuclide Angioctaphy with | 
- Thallium SPECT Imaging for Detection of Significant 
Narrowing of the Left Circumflex Coronary Artery _ 
Vasken Dilsizian, Pasquale Perrone-Filardi, Richard O. Cannon Ill, Nanette | 
M. T. Freedman, Stephen L. Bacharach, and Robert O. Bonow 







To determine whether regional dysfunction of the posterolateral wall on 
exercise radionuclide angiography is more sensitive in detecting left cir- 
cumflex disease than thallium perfusion abnormalities assessed by single- 
photon emission tomography, 110 patients with significant coronary ar- 
tery disease were studied, of whom 70 had a significant stenosis of the left 
circumflex coronary artery or a major obtuse marginal branch. Both 
regional function and segmental thallium activity of the posterolateral 
wall were assessed using visual and quantitative analyses. Qualitative 
posterolateral wall motion analysis detected 76% of patients with left 
circumflex coronary artery stenosis, with a specificity of 83% compared 
with only 44% by qualitative thallium tomography (p <0.001) and a 
specificity of 92%. Whereas quantitation of thallium activity increased the 
sensitivity for detecting left circumflex coronary artery stenosis to 80% 
with a specificity of 55%, it did not achieve statistical significance when 
compared with qualitative wall motion analysis. Similarly, quantitation of 
the posterolateral regional function did not improve the sensitivity for 
detecting left circumflex coronary artery stenosis (74%) when compared 
with qualitative regional function. Thus, for noninvasive detection of left 
circumflex coronary artery disease, the data suggest that qualitative exer- 
cise radionuclide angiography is preferable to qualitative thallium single- 
photon emission computed tomography and provides comparable infor- 
mation to quantitative thallium analysis. 
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Stunned Left Ventricular Myocardium After Exercise Treadmill 
Testing in Coronary Artery Disease 

Robert A. Kloner, John Allen, MORY A. Cox, yuen Zheng, and 
Carlos E. Ruiz 













The purpose of this study was to investigate whether p patients with known go 
coronary artery disease developed prolonged wall motion abnormalities = 
after exercise stress testing. We identified a group of patients with angio- E 
graphically documented coronary artery disease who develope da worsen- Bat 
ing of ee evaluated wall motion from r ue t 15 or r30 
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a mol abnormalities. ire patients with coronary artery disease. xerc 
_ testing induced regional wall motion abnormalities of the left ventricl 

which were present for at least 30 minutes after exercise, consistent with | 
the phenomenon of stunned myocardium. n 
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Serial Antiarrhythmic Drug Tramoni to Maintain Sinus 
Rhythm After Electrical Cardioversion for Chronic Atrial 
Fibrillation or Atrial Flutter 

Harry J. Crijns, Isabelle C. Van Gelder, Wiek H. Van Gilst, Hans Hilege, A. 
Marcel D A and Kong I. Lie 



























To investigate whether serial drug treatment, using different types of 
antiarrhythmic drugs, favorably influences the postcardioversion arrhyth- 

mia prognosis, 127 patients with chronic atrial fibrillation or flutter were 

studied. Drugs used were flecainide (stage I), sotalol or quinidine (stage 
II) and finally amiodarone (stage IH). On an actuarial basis the percent- 

age of arrhythmia-free patients at the end of 2 years increased from 31% 

after stage I to 64% at the end of stage HI. Factors predicting an unfavor- 

able arrhythmia outcome despite serial treatment were older age, long 

previous arrhythmia duration, mitral valve disease, and a large number of 

previous episodes of chronic arrhythmia. 


343 
Different Mechanisms of Polyuria and Natriuresis Associated 
with Paroxysmal Supraventricular Tachycardia 

Takashi Fujii, Shunichi Kojima, Masahito Imanishi, Tohru Ohe, and- 
Teruo Omae 





The mechanism of polyuria associated with paroxysmal supraventricular 
tachycardia (SVT) was investigated in 8 patients. SVT was induced 
artificially and sustained for 60 minutes. Urine volume increased in the 
latter half of SVT and in 30 minutes after SVT. Urinary excretion of 
sodium increased after SVT ended. The level of plasma atrial natriuretic 
polypeptide (ANP) increased during SVT. Urinary excretion of antidi- 
uretic hormone (ADH) decreased during SVT but increased after SVT. 
Urinary excretion of prostaglandin E; excretion increased after SVT. The 
percent changes in urinary prostaglandin E, were correlated with those in 
urinary ADH. A positive correlation was observed between the percent 
changes in the urinary excretion of prostaglandin Ex and those in sodium. 
Polyuria during SVT was attributed mainly to inhibition of ADH secre- 
tion. Natriuresis after SVT was caused not only by increase of ANP but 
also by increase of renal prostaglandin E> associated with increased ADH nae. 
secretion. 














Effect of Reflex Vagal | Activation on n Frequency of \ entricular — a 
Premature Complexes B 
Mario Facchini, Gaetano M. De Ferrari, Oscar Bonazzi, Theodore Weiss, 

and Peter J. Schwartz 


The -antianrythmic e ae o: e activation, reflex- os by phenyl- = i 


obtaiiied | in “10 patients aa qe it: wa y 

(nonresponders). In the former group, when heart rate 

fluctuate, the mean. number of VPCs decreased from 384+8.to O24 | 
0.6/100 beats (p <0.0001). During atrial | pacing at the preinfusion rate, 
VPCs reappeared but their mean number (22 + 10 [ 100 beats) was still - 
significantly reduced compared with control values (p= 0.003). In the 
nonresponders, VPC frequency was not affected. These ‘results demon- 
strate that vagal activation markedly reduces VPCs. This effect is only — 
partially rate-dependent; electrophysiologic changes secondary to barore- 5 
flexes are likely to be involved. 
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355 
Left Ventricular Shape asa Determinant of Functional Mitral 
Regurgitation in Patients with Severe Heart Failure Secondary 
to Either Coronary Artery Disease or Idiopathic Dilated | 
Cardiomyopathy 

Tatsuji Kono, Hani N. Sabbah, Paul D. Stein, James F Brymer, and 

F areed Khaja 











The relation between left ventricular (LV) chaps and functional mitral 

regurgitation (MR) was evaluated in 39 patients with heart failure due to 

either coronary artery disease (n = 23) or dilated cardiomyopathy 

(n = 16). MR was present in 9 patients with coronary disease and in 10 

with dilated cardiomyopathy. No difference was observed between pa- 

tients with and without MR with regard to LV ejection fraction, LV 

chamber volume or regional wall motion abnormalities. However, regard- 

less of the etiology of heart failure, patients with MR had a significantly 

| more spherical left ventricle than patients without MR. These results 

_.. indicate that in patients with heart failure, functional. MRi is present in; i 
a those who manifest a more spherical 1 left ventricle. o e 




















RE Effects of Paaxinohe ð on Eorna Tolerance i in ; atients with 
‘Mild to Moderate Heart Failure | 
Haruki Itoh, Koichi Taniguchi, Mayumi Doi, Akira Koike, and 
Akira Sakuma 








The efficacy ae enoximone on exercise tolerance i in patients with mild to 
moderate heart t failur was. evaluated in 4 33. patients le ergometer 
were perfor ad 3 hours. 


























were nay allocated i in a a double-blind ı manner. “Minute venti ation 
oxygen uptake and carbon dioxide output were measured every 10 seconds 

in order to determine anaerobic threshold (AT) and peak oxygen uptake. 

Heart rate increased and systolic blood pressure decreased cae 
exercise only in the 100-mg group (n = 10). AT and peak oxygen uptake 
increased significantly in the 100-mg enoximone group. The increasing 

ratio of ATs showed dose response, and the work rates at the AT point 
increased in both the 25- and 100-mg groups. These. results indicate thata 

single oral administration of enoximone oo exercise c tolerance i ino 
patients: with mild to moderate heart failure. Soe ee 
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365. ee ee Ree a It eee ee ee 
Outcome of Infants and Children with Dilated t Cardimayopathy 
Alan B. Lewis and Michelle Chabot 


| A review. of 81 infants and children with dilated caidiomyonathy > was 

- undertaken to identify risk factors for poor outcome. Arrhythmias were 
present in only 8 of 51 survivors (16%) but were detected in 16 of 30 
patients (53%) who died (p <0.05). Patients dying suddenly were even 
more likely to have had documented dysrhythmias (8 of 11, 73%). Left 
ventricular end-diastolic pressure averaged 20.8 + 1.6 mm Hg. Patients 
who died had a significantly higher left ventricular end-diastolic pressure 
than those who survived (29.5 + 2.2 vs 15.0 + 1.6 mm Hg, p <0.001). 
Actuarial survival analysis revealed that mortality was highest during the 

first 6 months after presentation (19% mortality). Survival declined more 
gradually thereafter. Age at presentation did not have any significant 
impact on survival, although left ventricular end-diastolic pressure >25 
torr was associated with a significantly increased mortality rate (p <0.05). 
Early cardiac transplantation should be considered in patients with mark- 
edly elevated left ventricular end-diastolic pressure or complex Gyariiyth- 
mias, or both. 





370 
Effects of inunundsiippressive Therapy in Biopsy-Proved 
‘Myocarditis and Borderline Myocarditis on Left Ventricular 
Function 
Steven R. Jones, Ahvie Herskowitz, Groyer M. Hutchins, and | 
| Kenneth L. Baughman 7 





We aiid the response to a 6- to & week course of péedaisdne and 
azathioprine i in 20 patients with endomyocardial biopsy- -proved myocardi- 
tis or borderline myocarditis by Dallas criteria. Endomyocardial biopsy | 
and assessment of left ventricular (LV) function by echocardiography and 
right-sided cardiac catheterization was performed before and after com- 
pletion of treatment. Significant improvement in heart rate—corrected 
mean velocity of circumferential shortening, LV ejection fraction and 
stroke work—end-diastolic volume ratio were found in the group with 
borderline myocarditis. LV end-diastolic and end-systolic x volumes de- 

_ creased significantly in the borderline group. No 4 nt cl I 

-indexes of LV function or. N: volun 

Thus, short-term i immunos ppressi 








n a Patients with borderline seman oot be consi¢ ered fot ae a 
- inclusion in subsequent trials of i immunosuppressive therapy i in myocar- e 
ditis. 





























SII a a a a aa 
Left Ventricular Filling Abnormalities i in ‘Asymptomatic Morbid 
Obesity 

Stuart W. Zarich, Glen J. Kowalchuk, Maureen P. McGuire, Peter N. 
Benotti, Edward A. Mascioli, and Richard W. Nesto o 


Indexes of left ginar (LV) diastolic filling were ‘measured by pillse | 
-Doppler echocardiography in 16 asymptomatic morbidly obese patients 
presenting for bariatric surgery and compared. with an age- and sex- 

_ matched lean control population. Fifty percent of morbidly obese patients 
had LV diastolic filling abnormalities. The ratio of peak early to peak late 
(atrial) filling velocity was significantly decreased in obese compared with 
control subjects (1.16 + 0.26 vs 1.66 + 0.30, p <0.001). The peak veloci- 
ty of early LV diastolic filling was significantly reduced in obese patients — 
(75 + 15 vs 98 + 19 cm/s, p <0.001). The atrial contribution to stroke 
velocity was significantly increased in obese patients (36 + 7.vs 27 + 4%, 

p <0.001). Obese patients had significantly increased LV mass indexes; 
however, increased LV mass did not correlate with indexes of abnormal 
LV diastolic filling in obese patients. These data suggest that abnormali- 
ties of diastolic function are common in the asymptomatic morbidly obese. 
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Immunosuppressive Therapy ‘and Lipoprotein Abnormalities 
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A New Noninvasive Method for: Estimation of Pulmonary 
Arterial Pressure in Mitral Stenosis 
- Carlo Longhini, Enrico Baracca, Cristiana Brunazzi, Marco Vaccari, Luca 
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Bess H.. Marcus, Anna E. Albrecht, Raymond S. Niaura, David B. Abrams, 
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R. Large, John Wallwork, and Peter M. Schofield 
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Effects of Prednisolone Therapy on Arterial Angiographic 
Features in Takayasu’s Disease 
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Noninvasive Estimation of Left Ventricular Contractile State 
-and Afterload in Normal Newborn Infants 
-Hiroshi Igarashi, Hirohiko. Shiraishi, Hideki Endoh, and. 
Masayoshi Yanagisawa | 












ao Tomasz J. n Pasierski: “Mary A. K Atton, ‘and bccn, on Pearson 












Pectoris 









o: The effects of i glutamate on anginal threshold, 
-cardiac metabolism and hemodynamics were 
-studied in 11 patients with stable angina pecto- 
flee ris, positive stress test results, and pacing-in- 
duced myocardial lactate release due to coronary 
~ artery disease (CAD) (n = 9) or syndrome X 
_ (n= 2). Data were obtained before, during and 
after 2 identical periods of coronary sinus pac- 
ee ing, the second being preceded by an intrave- 
ee nous injection : of monosodium glutamate 1.2 
: w = 7) or 2.5 (n = 4) mg/kg body weight. After 
glutamate administration, pacing time to onset of 
angina increased from mean + standard devi- 
ation 103 + 53 to 166 +71 seconds (p <0.01) 
and ST-segment after pacing de- 
creased from 2.3 + 1.0 to 1.6 + 1.1 mm 
(pp <0.01). Arterial glutamate concentration in- 
greased 60% (p <0.01) after the low dose and 
150% (p <0.01) after the high dose of gluta- 
mate. Regardless of dose, myocardial glutamate 
— — uptake increased by 25% (p <0.01). Pacing-in- 
duced cardiac release of lactate diminished 50% 
-~ (p <0.05), whereas the releases of xanthine and 
-hypoxanthine were unchanged by glutamate. Ar- 
terial free fatty acids decreased 20% (p <0.01). 
Circulating levels and cardiac exchanges of ala- 
_ nine, glucose and citrate were unchanged. Gluta- 
mate did not influence heart rate, arterial blood 
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] Antiischemic and Metabolic Effects of Gluta: T i c 
During Pacing in Patients with Stable 
Secondary to Either Coronary 

Disease or Syndrome X 


Anne Thomassen, MD, Torsten T. Nielsen, MD, Jens P. Bagger, MD, 
Anders K. Pedersen, MD, and Per Henningsen, MD 
























Angina 





pressure, coronary blood flow, coronary Vasci 
resistance or myocardial oxygen consumption. 
One patient complained of short-lasting burning, : 
sensations after receiving the high glutamate — 
dose. 
In conclusion, augmented provision of pre | - 
mate enhances pacing tolerance in stable angina, 
presumably by a metabolic improvement of car- - 
diac energy production during ischemia. a a 
(Am J Cardiol 1991;68:291-295) 


creasing its uptake of glutamate.'? Global _ 
myocardial extraction of glutamate can be as- 

much as 90% of the arterial contents in patients with — 
coronary artery disease (CAD).* This suggests an al- : 
most complete extraction and perhaps an insufficient 
supply of glutamate to the ischemic areas,’ leading to 
depletion of the intracellular glutamate stores. +-6 Aug- 
mented provision of glutamate preserves tissue gluta- 
mate contents'® and enhances mechanical func- 
tion and recovery of ischemic heart in animal experi: = — 
ments#57-!9 and in humans with failing hearts. t17 — 
Furthermore, glutamate pretreatment may improve ex 
ercise tolerance in patients with stable angina pecto- oe 
ris.!3 ce 
The exact mechanism of the cardioprotective ef- 
fect of glutamate is uncertain. It has been associated 
with increased myocardial levels of high-energy phos- 
phates.48:19 We recently demonstrated that even. 
all dose of lutamate causes a change in m 

tion, from. preferentially 

ly glucose and 
hout "o 


T he human heart responds to ischemia — e 


















sd ischemia in patients with stable angina due 
D or syndrome X. 






ema, positive exercise test results (> 1-1 -mm 
Po ion) and pacing-induced myocardial release 
f lactate. Te coronary angiograms were normal in 2 
atients (syncrome X) and showed >50% fixed diame- 
ter reduction cf at least 1 coronary artery in 9 patients 
(CAD). Seve? patients had a history of myocardial in- 
= farction >6 months before the study. None of the sub- 
‘jects had signs-of vasospastic angina or additional heart 
_. disease, systemic hypertension or metabolic disorders, 
None were trated with digitalis. 
_ Procedure: After written informed consent, antian- 
ginal medicatien except for sublingual nitroglycerin was 
discontinued { week before the study. After the pa- 
tients’ overnight fast a Teflon® catheter was inserted 
into the distal zorta through a femoral artery for arteri- 
_» al blood sampang and pressure measurement. A Wil- 
_ ton-Webster ~aermodilution pacing catheter was ad- 
: vanced througa an antecubital vein to midposition of 
the coronary sius for blood sampling, pacing and flow 
_ measurement.'> The catheters were kept patent by in- 
_ termittent flushing with saline solution to which 1,000 
-U of heparin zad been added. 
















PACING TIME TO 32SEY OF ANGINA POST- PACING ST-SEGMENT 
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drome X. Therefore, data from all ites are com: 


mcm time of 10n minutes. T O ees atriove [ 
lar block, 0.25 mg of atropine was given intravenous! isl 
Just before the start of pacing. Forty minutes after ces- 


sation of pacing, monosodium glutamate (25 mg/ml 
[148 mmol/liter]) was given as an intravenous bolus 
dose of 1.2 and 2.5 mg/kg body weight to 7 and4 = 









patients, respectively, Five minutes after glutamate in- si 
jection, pacing was repeated at the same rate and dura- 


tion as during the first period in each patient. 


Electrocardiographic lead Vs; was continuously _ 


monitored. During both periods, duration of pacing to 5 i 
onset of chest pain was registered and the postpacing 


ST-segment depression (mean value 0.08 second in the 


first 4 sinus beats) was measured. Simultaneous arterial - 
and coronary sinus blood samples were obtained, and — 


coronary sinus blood flow, heart rate and blood pres- 
sure were determined 3 times at rest, twice during the 
last 2 minutes of pacing, and at 1, 3, 5 and 7 minutes ‘of 
recovery. The blood samples were prepared and ana- 
lyzed for contents in whole blood of oxygen, hemoglo- 
bin, hematocrit and lactate, and in plasma of gluta- 
mate, free fatty acids, glucose, citrate and alanine as 
previously described.'4 For analysis of plasma xanthine 
and hypoxanthine!® blood samples obtained at rest and 
just before and after pacing were pooled. 

Calculations and statistics: Values at rest are the 
means of 3 determinations. The rate-pressure product 
was determined as the systolic arterial blood pressure 
multiplied by heart rate. Coronary vascular resistance 
was calculated from mean arterial pressure divided by 


coronary sinus blood flow. Net substrate flux across the. 


heart was calculated as arteriocoronary sinus concen- 
tration difference multiplied with coronary sinus blood 
flow for whole blood determinations and with 1 he- 
matocrit for plasma measurements. Data are given 
as mean + standard deviation unless otherwise stated. 
Wilcoxon signed-rank test, and paired and unpaired f 


tests were applied for statistical evaluation. A probabili- 


ty value <0.05 was considered significant. 


RESULTS 


Only 1 patient complained of Avene effects from. 
glutamate: facial pressure and burning. sensations last- 
ing for 30 to 60 seconds after the injection of 2. 3 
mg/kg. The effects of glutamate, apart from arterial- 
glutamate levels, were not dose-related and did not dif- . 


fer between patients with CAD and those with syn- 


ea 


















01) and ftom 103 fae aie pacing durin: 
-ished from 2.3 + 1.0 to 1.6 + 1.1 mm (p <0. 01) (Fig- 


l ure 1). 


e - Hemodynamics and cardiac oxygen consumption 
(Table I): Glutamate did not consistently influence — 


ministration. 


heart rate, arterial blood pressure, coronary sinus blood 


Tire (beats/min) 
, a MAP (mm Hg) 
F 3 HR x SAP x 0.01 
: | _CseF (mi/min) 


: SONR mm Hemi 


T nyen. A-CS (mi/100 mi) 


mh Oxygen net flux (ml/min) 


Con 
Glu 
Con 
Glu 
Con 
Glu 
Con 
Glu 
Con 
Glu 
Con 
Glu 
Con 


145 + 7* ) 


145 + 6* 
102 + 14 
102 + 12 
184 + 24* 
183 + 23* 
162 + 41* 
158 + 41* 


0.7 + 0.2% 


0.7 + 0.2* 
11.6 + 1.3" 
11.4 1.4¢ 
19.0 + 5.3* 


76 2 17t 
99 RAS. 
99415 
98t l4 
110 £39. 
108 +25 | 
99 +24 
>95 + 25} 


1.1204 
1.1404 
11.0 £ 1.3" 
10.9.+ 1.3* 
10.8 + 2.6 


77 = 164 
74 £13- 
99-18 
96 £13 © 


409436 — 
101 $27 
84 +22. 
BB 2). | 
0.94 0.2t - 


0.9 + 0.2t 
113: 1.37 
11.2 + 1:27 

9.4 + 2.6 


pacing araimp and persisted. into t 
mate administration, presumably d € 


98 + 18 
97 + 14 
105 + 36 


-101 + 27 
83 + 22 


87 + 22 


0.9 + 6.2T 


0.9 + G.2t 
11.8 + 1.4* 
11.6 + 1.1% 

9742.5 


Metabolic ronnie ee ea GLUTAMATE: 


132 B 


Glu tD. 18.2+4.6*§ 103 + 2.9 9.8 + 2.5 10.1 + 2.8 


Data are mean + standard deviation. Values at rest are means of 3 cage A le Pacing values were obtained 1 minute (1.) and immediately (2.) before discontinuing pacing.. 
Difference from respective values at rest: *p <0.001; to <0.05; ip <0 
Difference from respective values in control state: $p <0. 05. 3 

. ACS = arteriocoronary sinus concentration difference; Con = control state; CSBF = coronary sinus blood flow; CVR = coronary vascular resistance: Gis = glutamate; HR = Heart = 

rate; MAP = mean arterial pressure; SAP = Te arterial pressure. 7 


| | TABLE tl Metabolic Results in Contro! State and After Glutamate 


Pacing 


Recovery (minutes) 


Glutamate 


78 + 34%" 

92 + 37t| 
32 +10} ° 33 + 12t 35 + Att. 
371395 38+12* 412 149" 

1.60 £0.74¢ 1.54 + 0.68** 1.70 +0.76- 

| 1.88 + 0.9148 1.93 + 0.871* 1.90 + 0.87**§ 


76x 3it 
91-4 374 


80 + 32 
97 + A0t§ 
26 + 12% 
30 + 13t§ 
1.53 + 0.84 
1.61 + 0.86% 


79 + 34 
99 + 41t* 
20 + 8ł 
26 + 104§ 
2.02 + 1.02 
2.47 + 1.29§ 


~ 80 + 33. 
100 + 43ł* 
21 8} 
26-4 114§ 
2.16 + 1.08 
2.40 + 1.266 


83 + 34 
"153 + 76* 

- 39413. 
49 + 19§ 
1.87 +0.98 | 
2.28 + 1.07§ 


| A(umoifliter) 76 + 334. 

pe “91 £ 38t8 
A-CS (umoi/liter) 

Net flux (wmot/min) .C 


| Lactate 


0.63 + 0.24. . 
0.59 + 0.218 
0.16 + 0,14. 
Q.15 + 0.120 
7826)" 
| oe Wee ae 


0.66+0.27 0.64 + 0.26 
0.66 + 0.24¢ 0.63 + 0.22** 0.60 + 0.22) 
-0.18 + 0.30f 0.09+0.21 0.15 + 0.14 
-0.11 + 0,35*| 0.102019 0.14 + 0:13 
444109 70267 
47498 63+ 5:2 


0.64 +0.25 0634025 0.66 +0.29- 
"0.61 +0.23 0.63 + 0.22 
~0.01 + 0.20** -0.07 + 0.2it 
0.02 + 0.21 -0.01 + 0.21] 
21.1 £18.2 -6.2+419.0** ~11.3 + 21.9" 

094193 -13+187] —7.5 + 25.2/ 


<j> A(mmoi/liter) Con 0.64 + 0.24 
che Glu 0.60 + 0.26 
- | ACS (mmol/liter) Con 0.17 + 0.14 
ah, Ts = Gu 0.14 +£0.13 
| Nettux (umol/min) Con 7.7 26.6 
o Giu 6.1 + 5.5 


Free Fatty Acids - 


0.71 + 0.27** 0.78 + 0.32** 0.77 +0. 291 
0.59+0.21§ 0.59+0.22§ 0.59 + 0. 
0.17 +0.05 0.17 £0.05 ‘a 
0.15 + 0.06 0.16 +0.05 0.16 + 0.05 

18.5 + 6.9 80244 84236 

13344 4.741 86240 8.0435 — 6 


0.70 + 0.26 
0.59 + 0.23) 


0.70 + 0.32 
0.59 + 0.23) 
0.17 + 0.06 


0.68 + 0.28 
0.59 + 0.22] 
0.17 + 0.06 
0.17+0.04 0.15 +0.05] 
8.4 44.3 15.5.4 6.3 
+3.4 .. 13649]. 


0.63 + 0.22 
0.58 + 0.21 
0.17 + 0.05 


~ | A(mmolfiter) 


ACS (mmol/liter) 












han after dniu of 4211 mea 


JE to 117 +47 ymol/liter, p <0.01). De- 
a jid € scline, arterial glutamate remained high- 
tr levels throughout the study. The aug- 
ented | supply was associated with a 25% increase of 
yocardial gh: tamate consumption, but when compar- 
: high- with low-dose glutamate, the net uptake did 
not differ (rest 2.44 + 1.25 vs 2.20 + 0.95 umol/min, 
p= not signifeant [NS]). 
Lactate: Gutamate administration did not consis- 
y alter arterial lactate levels or myocardial uptake 
lactate at rest but it diminished the amount of lac- 
tate released fom the heart during and immediately 
after pacing ty 50% (p <0.05) (Table II). 
-FREE FATTY acips: Arterial free fatty acid concentra- 
“tions increasec during the control period (Table II) pre- 
sumably due to heparin flushing of the catheters. 
Glutamate administration depressed arterial free fatty 
acids by 20% {p <0.01) and tended to reduce myocar- 
-dial fatty acid utilizational, though only reaching signif- 
icance during pacing. 
XANTHINE AMD HYPOXANTHINE: Baseline arterial levels 
_ of xanthine (€£3 + 195 nmol/liter) and hypoxanthine 
- (1,423 + 636 =mol/liter) remained stable throughout 
= the study. The first pacing period induced significant 
< cardiac release of both xanthine (p <0.05) and hypo- 
xanthine (p <@01) when compared with the values of 
arteriocoronary gradients at rest (xanthine, 6 + 192 
“nmol/liter, hycoxanthine, 160 + 547 nmol/liter) and 
of net flux (xemthine, 1 + 7 nmol/min: hypoxanthine, 
10 +30 nmolamin). Without reaching significance, 
< glutamate tended to decrease the pacing-induced re- 
lease of xanthme (arteriocoronary difference, —209 
+ 188 vs —13; + 152 nmol/liter [p = NS} net flux, 
—18 +21 vs —12 +17 nmol/min [p = NS]) and 
_ hypoxanthine {arteriocoronary difference, —1,147 + 
1,163 vs —950 + 1,869 nmol/liter [p = NS net flux, 
= —80 + 88 vs —56 + 142 nmol/min [p = NS)). 
GLUCOSE, CITRATE AND ALANINE: Glutamate adminis- 
tration did not significantly alter circulating levels or 
myocardial exckanges of glucose, citrate or alanine in 
this study (data not given). 




















DISCUSSION 

In the preset study, antiischemic properties of glu- 
tamate were manifest during pacing as delayed onset of 
angina, diminis2d ST-segment depression and reduced 
yocardial. lactate production. Glutamate was bis tol- 
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called Chinese Restaurant Syndrome ie bufoia 
sensations, facial pressure and chest pain. 18 Adverse ef 3 
fects do not occur after glutamate, 1.2 mg/kg body cee 
weight, was given to almost all patients in the present a 
study.'*:!4 The dose was chosen on the basis of a recent 
work showing that stimulation of myocardial glutamate 
uptake was not further enhanced by increasing this 
dose to 2.5 or even 5.0 mg/kg during nonischemic con- 
ditions.'* The present study revealed that doubling the 
dose to 2.5 mg/kg in 4 of the patients with ischemic — 2 
heart disease did not augment the 25% elevation of 
myocardial glutamate consumption obtained after the — 
low dose despite arterial levels twice as high. These re- 
sults are at variance with those of Pisarenko et al!2 who 
reported a fivefold increase in arteriocoronary sinus 
plasma glutamate differences during glutamate infu- 
sion. However, this was obtained during 15-fold eleva- 
tions of arterial glutamate in patients with cardiac fail- 
ure after open heart surgery. It is not unlikely that the 
function of cardiac membranes,!9 including the gluta- 
mate transport systems, may be disturbed in that par- 
ticular situation. 

Glutamate administration neither increased myo- 
cardial oxygen supply (coronary blood flow) nor de- 
pressed oxygen demand (rate-pressure product), leav- 
ing myocardial oxygen consumption unchanged. This 
finding suggests that glutamate exerted its beneficial ef- 
fects by improving myocardial energy production de- 
spite unaltered oxygen restriction. In various experi- 
mental models*?*!° and in humans,® addition of gluta- 
mate to perfusates or cardioplegic solutions has been 
demonstrated to prevent or diminish the depletion of 
high-energy phosphates during ischemia or hypoxia. In 
the present study, the intracellular levels of adenosine 
triphosphatase (ATP) remain obscure, but the trans- 
cardiac release of the diffusable ATP catabolites xan- 
thine and hypoxanthine? were not significantly modi- 
fied by glutamate. 

There are several metabolic pathways through 
which glutamate may promote ischemic myocardial en- 
ergy balance. One effect is accomplished by its conver- 











sion to a-ketoglutarate and the subsequent replenish- 


ment of Krebs cycle intermediates that are depleted 
from the ischemic cell.°”?! By substrate phosphoryla- 

tion of a-ketoglutarate to succinate, glutamate may «UE 
contribute to anaerobic ATP formation. 45 ’ This amino = 
acid fermentation appears to be of quantitative signifi- 


































namide-adenine denucleotide.2426 In this study, myo- 
cardial lactate release was reduced after glutamate 
administration, confirming some earlier reports®*? but 
contradicting others.4°-’!0 Glutamate may diminish 
lactate accumulation by transamination with pyruvate, 
ading to the production of alanine instead of lac- 
ite.427 In contrast to other studies,* 5,11,12 our results 
failed to show an increase of myocardial alanine release 
after glutamate treatment. An alternative cause for the 
decreased lactate production after glutamate may be 
an increased breakdown of lactate and pyruvate due to 


























= through the malate-aspartate. shuttle, 28 flux that is 































© concentration.”? The intracellular glutamate pool is de- 
pleted during ischemia, but replenished by exogenous 
glutamate administration. Glutamate is also a potent 
stimulator of insulin secretion and a gluconeogenetic 
substrate by which myocardial glucose consumption is 
increased. !4 In the present results, increased insulin lev- 
els were evidenced from a decrease in free fatty acid 
levels. 
© The greatest limitations of this study are the open 
design and the rapid clearance of plasma glutamate, 
which impedes interpretation of the metabolic results. 
The antiischemic effects of glutamate need to be con- 
firmed in a blinded study with low levels of glutamate 
administered continuously. 
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care Infarction Treated with Anan l 
Results of the Anistreplase Reocclusion 


Multicenter Study (ARMS) 


A Lucy Relik-van Wely, MD, Rombout F. Visser, MD, Joop M. J. van der Pol, MD, 
_ Ingrid Bartholomeus, MD, Jaap E. Couvée, MS, Henk Drost, MD, André J. T. M. Vet, MD, 





naib C. Klomps, MD, Wim A. A. J. van Ekelen, MD, Fred van den Berg, MD, 


and X. Hanno Krauss, MD 


-In this open multicenter study, 156 patients with 
acute myocardial infarction received 30 U of an- 
ee istreplase intravenously over 5 minutes within 4 
-hours of the enset of chest pain. The patency of 


the infarct-reated vessel was determined by cor- 


: : onary angiography 90 minutes after anistreplase 


treatment, and also 24 hours after treatment, in 
-~ patients with a patent infarct-related vessel at 
90 minutes, to assess the reocclusion rate. The 
investigators categorized the infarct-related ves- 
sel as patent ər occluded, and 2 independent car- 
cording to the Thrombolysis in Myocardial in- 


___ farction (TIMI) perfusion criteria. 
At the 90-minute assessment, 106 of 145 


evaluable patients (73%) had patent infarct-re- 
_ lated vessels. and 39 of 145 (27%) had occluded 
___ Infarct-related vessels. Of the 139 i 

_ assessed patients, 98 (71%) had TIMI grades 2 


or 3 and 41 (29%) had TIMI grades 0 or 1. At 
the 24-hour assessment, 98 of 102 patients 
(96%) had a patent infarct-related vessel, and 
reocclusion hed occurred in 4 of 102 patients 
(4%). Of the £4 independently assessed patients 
90 (96%) had TIMI grades 2 or 3, and 4 (4%) 
had TIMI grades 0 or 1. 
The reliability of noninvasive parameters as 
indicators of achieved patency of the infarct-re- 
lated vessel was estimated by means of correla- 
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tion with patency assessed by coronary angiog- 
raphy. A significant correlation of 0.62 was 
found. The patency rate of 71 to 73% after use 
of anistreplase in patients with acute myocardial 
infarction corresponds with findings in earlier 
studies. The low reocclusion rate of 4% after use 
of anistreplase probably reflects the prolonged 
action of anistreplase. 

(Am J Cardiol 1991;68:296-—300) 


come of patients with an acute myocardial in- 
farction (AMI).!~4 Early reperfusion is impor- 
tant for preserving myocardial tissue and reducing mor- 
bidity and mortality.!°.© Studies have shown that early 
patency rates after thrombolytic therapy range from 
50% after intravenous streptokinase to 75% after anis- 
treplase, recombinant tissue-type plasminogen activator 
or pro-urokinase.*’-!? Prevention of reocclusion ap- 
pears to be important for the clinical outcome in pa- 
tients with AMI," but this has been investigated in 
fewer studies. Available data show reocclusion rates 
from 3 to 15% with streptokinase, from 10 to 20% with 
recombinant tissue-type plasminogen activator and 
from 3 to 9% with anistreplase, 71315-19 
Anistreplase is a streptokinase and plasminogen 
complex, with an anisoyl group reversibly placed within 
the catalytic center of the plasminogen moiety, a modi- 
fication that does not affect the fibrin-binding capacity 


T hrombolytic therapy improves the clinical out- 


of the molecule. In circulation, anistreplase is deacylat- — 5 ni 
ed to its active form at a controlled rate. This, in addi- tee 


tion to the protection afforded by acylation from neu- 











tralization by circulating antiproteases, results ina. ae 
| longer circulating half. -life for _Aanistreplase: approxi: ni 

















a lower incidence of early reocclusion.*° 
: in a previous study in the Netherlands,!* patients 
treated with anistreplase had a low reocclusion rate 24 
hours after treatment (1 of 22, 5%). We designed this 
study to obtain further information on reocclusion with- 
in 24 hours of anistreplase, in relation to patency 90 
minutes after treatment, in a larger population of pa- 
tients with AMI. 
Coronary angiography is less likely to be a standard 
clinical practice in the future for a variety of reasons: 
the nonavailability of catheterization laboratories, the 
now proven efficacy of thrombolysis, budgetary consid- 
-erations and an increased risk of bleeding. Therefore, 
- we also looked to noninvasive clinical indicators of 
__ patency?!-27 — changes in electrocardiographic assess- 
| . ments, time to peak serum creatine kinase and decrease 
“of chest pain after thrombolytic therapy — to deter- 
--mine whether there is a reliable correlation between pa- 
| tency assessed by noninvasive criteria and patency as- 
- =- sessments by coronary angiography. If a reliable corre- 
-lation can be shown, then noninvasive criteria could 
-= -become increasingly important in assessing the efficacy 
“of thrombolytic therapy. 

















METHODS 
~~ Patients: One hundred fifty-six patients (131 men 
and 25 women) ranging in age from 33 to 78 years 
_ - — (mean’ 57) were recruited into this multicenter study 
from 8 centers (4 to 45 patients per center). 
To be admitted to the study, patients had to be aged 
<70 years and to have had chest pain suggestive of 
acute myocardial ischemia lasting 220 minutes and 
<4 hours’ duration, which was not relieved by nitrates. 
In addition there had to be electrocardiographic evi- 
"= dence of transmural myocardial infarction, shown by 
ST-segment elevations 20.1 mV in at least 1 standard 
dead or 20.2 mV in at least 1 precordial lead, or both, 
which persisted 25 minutes after administration of ni- 
trates. Patients had to have no contraindications to 
thrombolytic therapy and all gave informed consent. 
ers Five of the 156 patients were considered ineligible 
-for the efficacy analysis because they had not fulfilled 
- the entry requirements; 2 patients were >70 years of 
< age and 3 patients did not fulfill the electrocardiograph- 
` ie criteria. The safety analysis includes all 156 patients. 
‘Treatment: Patients received a standard intravenous 
< dose of 100 mg of methylprednisolone, followed by 30 
~ U of anistreplase (Eminase™) administered intrave- 
nously over 5 minutes. o infusion, at 1,000 








1 ing € occurrences were > recorded: ‘reinfarction, n mor 


ytic activity of aitistreplase and i might contrib- l oe 







































Total no. 156 [ee 

Men/women 131/25 hae 

Age (years) 57 (range 33-78) 56 (range 33— 

Treatment delay 2.15 2.15 
mean (hours) ; 

<1 12% 12% 

1-2 31% 32% 

2-3 35% 35% 

3-4 21% © 20% 

>4 o 1% | 1% 

Site of infarction a ma 
Anterior + lateral 69 (44%) 67 (44%) 
inferior 








87 (56%) 84 (56%) 




























anistreplase. If the TRR vessel was påtent, 
coronary angiography was repeated at 24 + 6 hour 
The coronary angiograms were interpreted by the in- 
oe who scored the infarct-related. vessel ‘ ‘pat- 
ent” or “not patent.” An independent assessment was 
eae by 2 other cardiologists who scored the infarct- 
related vessel according to the TIMI” grading for coro- e 
nary artery perfusion. oe 
Noninvasive patency assessments: Cardiac | en 
zymes (creatine kinase and creatine kinase-MB) were 
assessed on entry and at 6, 12, 18 and 24 hours after 
administration of anistreplase. Electrocardiographic as- 
sessments were made on entry to the study and I and2 
hours after therapy. The severity of chest pain and the - 
occurrence of arrhythmias were recorded | and 2 hours 
after administration of anistreplase. ee 
To assess the reliability of noninvasive parameters as _ 
indicators of patency, the investigators also recorded- 
whether they considered patency had been achieved us- 
ing the following criteria: a reduction in chest pain _ 
within 2 hours of thrombolytic therapy; an improve- _ 
ment in electrocardiographic reading, i.e., a reduction — 
in ST-segment elevation to <0.1 mV in at least 1 stan- ~ 
dard lead or <0.2 mV in 21 precordial leads, or both, 
within 2 hours of thrombolytic therapy; and a peak in 
the increase in creatine kinase within 15 hours of | 
thrombolytic therapy. These 3 criteria were given equal _ 
weighting as positive indications of patency. The num- - 
ber of patients with angiographically demonstrated pa- 
tency of the infarct-related vessel (investigators’ assess- 
ment) was compared with the number of positive non- 
invasive assessments per patient, which could vary from- 
0 to 3. If a noninvasive assessment could not be made, 
it was considered “negative” in the analysis. 
Follow-up assessments: At discharge from the hos- 
pital and 2 months after hospital admission the follow- 
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Adverse events: The occurrence of adverse events 
was recorded daring the stay in the hospital and again 
2 months afte- treatment. 

Statistical analysis: Main efficacy and safety data 
2 are analyzed by means of descriptive methods, ex- 
pressed i in frecaencies and percentages. 

< -= Reliability 3f noninvasive parameters was estimated 
by the phi coefficient, a measure of association for 
2X2 contingency tables. 


- RESULTS 
~The baselire characteristics of the patients enrolled 
-are summarized in Table I. 
-= Coronary angiography at ninety minutes: Coronary 
- angiography was performed 90 minutes (range 40 to 
-< 180, mean 96) after administration of anistreplase in 
-145 of the 151 >atients eligible for this assessment. The 
investigators ccnsidered 106 patients (73%) to have 
«patent infarct-related vessels and 39 patients (27%) to 
have occluded mfarct-related vessels. 

<> Six patients did not undergo coronary angiography: 
2 patients died 3f cardiogenic shock 25 and 40 minutes 
< after therapy; ro catheterization laboratory was avail- 
-able for 2 patients; in 1 patient coronary angiography 
could not be performed because of tortuous iliac vessels; 
and in | patient the reason was unknown. 

~~ An indepencent assessment was made of 139 of the 
145 patients who underwent coronary angiography at 
90. minutes. O” these, 29 (21%) and 69 (50%) patients 
were classified as having TIMI grades 2 or 3, respec- 
tively, and 26 (18%) and 15 (11%) patients were classi- 
fied as having TIMI grades 0 or 1, respectively. 
_. No independent assessment was made for 6 pa- 
tients: In 2 patents the infarct-related vessel could not 
be identified axdi the film for 4 patients was missing. 

} y y angiography at twenty-four hours: Of the 


natient ts w o had a- patent infarct-related vessel at. 











Four patients didn not hee: a oe corona 
gram: | patient had had a cerebrovascular accident and 
subsequently died, and 3 patients were transferred to 
another hospital for percutaneous transluminal coro- 
nary angioplasty or coronary artery bypass graft (in 2- 
patients no reocclusion had occurred by 24 hours and in 
the other patient reocclusion occurred within 24 hours, 
during the percutaneous transluminal coronary angio- 
plasty). 

The independent assessment of 24-hour coronary 
angiograms was performed in 94 patients. Of these, 18 
(19%) and 72 (77%) patients were classified as having 
TIMI grades 2 or 3, respectively, and 4 (4%) and 0- 
(0%) patients were classified as having TIMI grades 0 
or 1, respectively. l 

Change in thrombolysis in sivocaa dial infarction tri- | 
al gradings: Changes in TIMI grades between 90 min- 
utes and 24 hours were examined. Nine of the 29 pa- 
tients with TIMI grade 2 perfusion at 90 minutes had 
TIMI grade 3 perfusion at 24 hours. Furthermore, 27 
of the 41 patients with TIMI grade 0 or 1 at 90 min- 
utes had a second coronary angiogram recorded, al- 
though this was not required by the protocol: 15 of- 
these patients had TIMI grade 2 or 3 at 24 hours. | 

Noninvasive assessments of patency: Seventy-three 
patients had 3 of 3 positive noninvasive assessments; of 
these, 67 (92%) had angiographic evidence of infarct- 
related vessel patency. Of 42 patients with 2 of 3 posi- 
tive noninvasive assessments, 32 (76%) had angio- 
graphic evidence of infarct-related vessel patency. Only 
4 of 19 (21%) and 0 of 6 (0%) patients with 1 or no- 
positive noninvasive assessments, respectively, had angi- 
ographic evidence of patency (see Table II). When 2 of © 
the 3 criteria indicate that the infarct-related vessel is 
patent, then there is a significant correlation between 
noninvasive patency assessments and patency deter- 
mined by coronary angiography (phi coefficient = 0.62, 
chi-square = 51.29, p <0.0001). 

Follow-up assessments: Of the 156 patients with | 
AMI, 15 had reinfarction during their stay in the hos- 
pital. At the 2-month follow-up, 3 more of the 146 pa- 
tients assessed appeared to have had a reinfarction. — 
Thus, the incidence of reinfarction within 2 months was 
18 of 156 (11.5%). Mean time between treatment and - 
reinfarction was 3.3 days. _ 2 

Postinfarction angina pectoris occurred in 39 of the eae 
156 patients during their stay in the hospital: at 2- 
month follow-up, only 25 patients had angina pectoris. 
Heart failure occurred i in- 25 k the 156 patients during 













































us transluminal coronary angioplasty before discharge 
‘om the hospital, and another patient before the 2- 
‘month follow-up visit. A coronary artery bypass graft 
was performed in 12 patients before discharge from the 
hospital and in 5 others before the 2-month follow-up. 
Mean time between therapy and percutaneous translu- 
' inal coronary angioplasty was 8 days, and between 
herapy and a coronary artery bypass graft, 22 days. 
> At discharge 111 patients (76%) were receiving oral 
anticoagulant therapy, 12 patients (8%) acetylsalicylic 
: acid, 41 patients (28%) dipyridamole, 73 patients 
= (50%) nitrates, 68 patients (46%) calcium entry 
< blockers, and 50 patients (34%) 8 blockers. 

> Adverse events: Adverse events after anistreplase 












=- agent. Thirty-four patients had hemorrhage or hemato- 
== ma, or both, but none required a blood transfusion. 
_ Seven patients had allergic reactions, including skin 
a rash and fever. Nineteen patients had hypotension; in 7, 
“jt was considered to be related to anistreplase. The hy- 
-- potension resolved in all patients with or without treat- 
ment. Two patients had hemorrhagic cerebrovascular 
„accidents, both of which were considered to be related 
to anistreplase. One of these patients died (see later) 
and the other recovered with minor sequelae. 
oe Nine patients died during their stay in the hospital 
and another died before the follow-up visit, giving a 2- 
month mortality of 6.4%. Mean time between treat- 
ment and death was 3.9 days. Seven patients died in 
cardiogenic shock between 20 minutes and 4 days after 
-anistreplase administration; 1 patient died of a hemor- 
<== ` rhagic cerebrovascular accident 31 hours after anis- 
. »  treplase administration; 1 patient died of heart failure 7 
-days after anistreplase administration; and | patient 
~ died of ventricular arrhythmias after a coronary artery 
S bypass graft 22 days after therapy. 
Other adverse events were typical of those expected 
after AMI, mostly arrhythmias not requiring treat- 
ment. 





_. DISCUSSION 

__ This open multicenter study, in which anistreplase 
was administered to patients with AMI within 4 hours 

of the onset of chest pain, is among the largest patency 

- studies with anistreplase and one of the few angio- 

> graphically assessed reocclusion studies with thrombo- 
I 



















“tissue type plasminog 


he 156 patients had iderpdne piae ; activato 
(75%)"-!9 in other studies, However, no co 


consistent with findings i in. previous studies of 


were generally those expected with a thrombolytic 






was used in this study and there are procedura 
ences between this study and those with other th 
lytic agents. 

The reocclusion rate of 4% at 24 hours is low : 








plase!*'>.!6 although with fewer patients. T 
reocclusion rate may. be attributable to the lon 
tion of action of anistreplase.2° The improvemen 
in TIMI gradings between 90 minutes and 24 ho 
some patients (from. TIMI grade 2 to 3 in 9 of 2 
tients and from TIMI grade 0 or 1 to 2 or 3 in 15.0 
patients) could also be attributable to the long dura 
of action of anistreplase.. me 

The use of other therapies after thrombolysis is is 
important in the prevention of reocclusions.”8 In this 
study, the use of acetylsalicylic acid was not standa: 
(the protocol was designed before the results of the I 
ternational Study of Infarct Survival-II study? were 
available) and only 8% of the patients were receiving 
acetylsalicylic acid at discharge from the hospital. This 
might explain the relatively high reinfarction rate of 
11.5% within 2 months, compared with that seen after 
streptokinase followed by acetylsalicylic acid. oe 

Several trials have investigated the relation between S 
noninvasive assessments of reperfusion of the infarct- 
related vessels and the angiographically determined pa- 
tency of these vessels. A rapid increase and early peak 
15 to 18 hours after thrombolytic therapy in creatine . 
kinase has been found to be strongly indicative of reper- _ 
fusion???3.2426 as has an early decrease in ST-segment _ 
elevation?’ and chest pain. In this study, we investi- 
gated whether consideration of these noninvasive crite- 
ria in combination would give a good correlation with — 
the findings of angiographic assessments. It was found 
that when 2 of the 3 criteria indicate that the infarct- _ 
related vessel is patent, then there is a good correlation — 
between noninvasive patency assessments and patency 
determined by coronary angiography (phi coefficient 
= 0,62, chi-square = 51.29, p <0.0001). Thus, nonin- 
vasive criteria appear to be reliable indicators that pa- 
tency has been achieved. _ 
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Acute effects of intravenous nicardipine (10 


pg/kg) on systemic hemodynamics and cardiac 
function were evaluated in 17 patients with a 
healed myocardial infarction and no evidence of 
congestive heart failure. Mean New York Heart 
Association functional class was 1.6 + 0.5 
(mean + standard deviation). Aortic systolic 
pressure (p <0.001) and left ventricular end-dia- 
stolic pressure decreased (10 + 3 to 8 + 3 mm 
Hg, p <0.01), and systemic vascular resistance 
decreased significantly (p <0.001), whereas pul- 
monary and right atrial pressure and pulmonary 
arteriolar resistance did not change. Cardiac and 
stroke indexes showed biphasic changes. Al- 
though positive and negative maximal rate of left 
ventricular pressures decreased significantly 
_ (p <0.05 and p <0.01, respectively), they did not 
change significantly when aortic systolic pres- 
sure was corrected. There was a significant in- 
verse correlation between the negative rate of 
left ventricular pressure/aortic systolic pressure 
before nicardipine infusion and its maximal per- 
"gent increase after infusion (r = —0.56, p <0.05), 
indicating a beneficial effect on diastolic relaxa- 
tion in patients with impaired diastolic function. 
Our data show that a low dose (10 ng/kg) of 
intravenous nicardipine exerts a favorable effect 
on impaired diastolic function, but depresses left 
ventricular pump function with much less effect 
on right heart circulation. 
(Am J Cardiol 1991;68:301--305) 
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effects of intravenous nicardipine,'~ it has be- 

come increasingly clear that its in vitro andin 
vivo effects on cardiac function differ markedly.6* In 
addition, there are conflicting clinical data regarding 
the effects of nicardipine on systemic circulation and _ 
cardiac function. Possible explanations for the inconsis- 
tency of these results include differing patient popula- 
tions, the dosages of nicardipine and basal hemody- 
namic status.” Most earlier investigations of patients 
with a previous myocardial infarction were performed 
in patients with high left ventricular filling pressure. 4 
To our knowledge, few reports are available focusingon 
patients with a previous myocardial infarction without 
evidence of congestive heart failure. Accordingly, this 
study characterizes effects of intravenous nicardipineon = 
the systemic circulation and cardiac function of patients =- 
with a healed myocardial infarction and no evidence of : 
congestive heart failure. 


A Ithough there are many reports describing the — 


METHODS 
Patients: The study group consisted of 17 patients 

with a previous myocardial infarction (mean age + 

standard deviation 55 + 9 years, range 38 to 75). Previ- = 

ous myocardial infarction was diagnesed by a typical 

history of chest pain, electrocardiographic changes and | 

increased serum cardiac enzymes. All patients were. —— 

in New York Heart Association functional class I or 

If and had a left ventricular end-diastolic pressure 

<15 mm Hg. The average interval between the onset 

of symptoms and the current protocol was 3.4 + 0.8 

months. No cardiac medications were administered 

within 24 hours of the study. All patients gave volun- 

tary informed consent. E 
Hemodynamic studies: At least 30 minutes after di- 

agnostic catheterization and coronary arteriography, '® 

a 7Fr pigtail catheter was placed in the left ventricle- 

from a femoral artery, and a 7Fr balloon-tipped ther- 

modilution catheter was inserted from a femoral vein. 

and advanced until its tip was positioned in the ri 

pulmonary artery. Left ventricular end-diastolic p 
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: VEDP (mm. Hig) 
PSP (mm He): 
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68.3 + 14.2¢ 


3.5 + 0.8! 
50 +15 


Ch paee 
SI (mi/beat/re ) 
~~ SVR (dynes - a > cm~5) 
PAR (dynes s- cm-5) 
< LVSWI (g ezn?) 
RVSWI (g > mam?) 


” “Values are mean = A deviation. 
»*p <0.001; tp 9.05; tp <0.01. 


1,222 + 297 
57 + 18 
48+ 11 
47 £2.3 


61 + 29 
43+ 11! 
5.0 + 2.9 


989 + 245* 


5 


68 + 14 
69.0 + 14.37 
2.9 + 0.5 
44+ 9! 
1,284 + 250 
61 + 27 
42 + 9* 
4.0 + 2.2 


68.2 + 13.7? 
3.0 + 0.57 
46 z 11 

1,186 + 244 
58 + 23 
42 + 10* 
4.0 + 2.5! 


1,089 + 286+ 
58 + 24 
43 411 
44+ 2.6 


ADP = aortic diastolic bites ASP = aartic systolic pressure; Cl = cardiac index; HR = heart rate; LVEDP = left ventricular end-diastolic pressure; LVSWI = left ventricular stroke 


~ work index; PAR = 3ulmonary arteriolar resistance; PDP = pulmonary diastolic pressure; PSP = pulmonary systolic pressure; RAP = right atrial pressure; RPP = rate-pressure | 


a | product; RVSWI = ~iht ventricular stroke work index; Sf = stroke index; SVR = systemic vascular resistance. 


tricular pressares (positive and negative dP /dtmax) 
“were recorded with the pigtail catheter. Thereafter, the 
pigtail catheter was withdrawn until its tip was posi- 
tioned in the ascending aorta, and aortic pressure was 
measured. Puanonary artery and right atrial pressures 
were recorded with the thermodilution catheter. Mean 
aortic, pulmocary artery and right atrial pressures were 
determined tr electrical damping. The electrocardio- 
gram was recorded simultaneously on a multichannel 
photographic recorder at paper speeds of 50 or 100 
mm/s. Hear. rate and pressure data from 3 cardiac 
cycles were ereraged. Cardiac output was determined 
in triplicate zy thermodilution method, using a car- 
diac output computer (COM-I, American Edwards 
= Laboratories} and results were averaged. Rate-pres- 
-sure product, cardiac index, stroke index, systemic vas- 
cular and pulmonary arteriolar resistance, and left and 
right ventricular stroke work index were calculated us- 
ing standard formulas. Furthermore, left ventricular 
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positive and negative dP/dtmax were adjusted for aor- 


tic systolic pressure (positive and negative dP /dtmax/ 
aortic systolic pressure) to correct for the influence of 
afterload on left ventricle. 

Study design: After control measurements of pres- 
sure and cardiac output had been obtained and hemo- 
dynamic stability was established, 10 ug/kg of nicardi- 
pine was infused via the proximal portion of the ther- 
modilution catheter for 2 minutes. The reason for 
choosing that dose was because low doses of intrave- 
nous nicardipine have been reported to develop predom- 
inant effects on vascular smooth muscle and much less 
effects on myocardium in dogs.’ In addition, high doses 
(5 to 10 mg) of intravenous nicardipine, used by most 
investigators in previous clinical studies, have been 


reported to induce striking decreases in aortic systol- 


ic pressure (20 to 30 mm Hg).!3+9 Measurements of 
pressure and cardiac output were repeated in the same 
manner 1, 5, 15 and 30 minutes after termination of 
the infusion, as previously described (Figure 1). 
‘Statistical analyses: All data are presented as 


mean + standard deviation. Student’s ¢ test and linear — 


regression analysis were used for statistical evaluations. 
Differences were considered significant at p <0.05. 


RESULTS 





apes 
K: 


Hemodynamics: There were 6 patients in New York a 
Heart association functional class I and 11 in class IL = 


Aortic systolic pressure decreased significantly 1, 5 and 
15 minutes (all p <0.001), and aortic diastolic pressure 


decreased 1 and 5 minutes (p <0.001 and p <0.05, re- n 


A after termination of z infusion x 






















Before Nicardipine . 


Positive dP/dtmax (mm Hg/s) 1,368 + 269 1,258 + 348 1,289 + 299* 1,300 + 298 
-Negative dP/dtmax (mm Hg/s) 1,129 + 187 1,027 + 233? 1,025 + 207* 1,116 + 217 
-> Positive dP/dtmax 1.2 +03 1.3 +03 1.30.4 1.2 0.3 
> -Negative dP/dtmax 2 . a 
~ Positive dP/dtmax/ASP (/s) 12.7 + 2.8 13.3 £ 3.7 13.5 t 3.5 12.9 + 3.0 

_ Negative dP/dtmax/ASP (/s) 10.5 ERS 10.7 + 2.0 10.5 £17 . 20-15 






"Values. are mean + standard deviation, . 
‘4p <0.05; Ip < 0.01. 
a ASP = = aortic systolic pressure; dP/dtmax = maximal rate of. left ventricular pressure. 





p » <0. 05 and p <0. 01, respectively); IDa pulmo- 
-nary systolic and diastolic pressures and mean right 


< atrial pressure did not change. Heart rate increased 1 


minute after the end of infusion (p <0. .05), but rate- 


-pressure product decreased throughout the 30-minute 


- = postinfusion protocol (p <0.05 to p <0.01). Cardiac in- 
>. dex responded biphasically. It increased 1 minute (p 
<- <0.05) and decreased 15 and 30 minutes (p <0.05 and 
-p <0.01, respectively) after infusion. However, stroke 
-= index only decreased after 30 minutes (p <0.05). Sys- 
temic vascular resistance decreased significantly 1 and 
5 minutes after completion of infusion (both p <0.01), 
while pulmonary arteriolar resistance did not change. 
There was no significant correlation between the mag- 
nitude of decrease (percent) in systemic vascular and 
ee ‘pulmonary arteriolar resistances (Figure 2). 
-Ventricular function: Positive dP /dtmax. decreased 
significantly 5 minutes after termination of infusion 


oe (p <0.05) and negative dP/dtmax decreased after 1 


and 5 minutes (p <0.01 and p <0.05, respectively) 
(Table II). However, positive and negative dP /dtmax 
adjusted for aortic systolic pressure remained constant 
(Table H). There was no significant correlation be- 











and its maximal. percent increase after infusion C 
3A). In contrast, a significant i inverse correlatio 












tween positive dP /dtmax h aortic systolic pressure 





found between. negative dP fi dtmax /aertic systolic : 
sure before infusion and its maximal percent in 
crease afterward (r = —0.56, p <0.05) (Figure 3B) 
Left ventricular stroke work index decreased signifi 
cantly throughout the 30-minute postinfusion protoco 
(p <0.01 to p <0.001), but right ventricular stroke 
work index was only reduced at 15 minutes after infu- 
sion (p <0.05) (Table I). When left and right ventricu-. 
lar stroke work indexes were plotted as functions of left _ 
and right filling pressure, respectively, both plots shifted _ 
downward at the time when the maximal extent of de- 
crease in left and right ventricular stroke work. index a 
appeared (Figure 4, A and B). ] 




















DISCUSSION : 
Our data are consistent with those of Rocha et: e Ss 
who reported that right atrial, right ventricular and pul- 
monary pressures, and pulmonary vascular resistance _ 
did not change significantly after administration of 5 
mg of intravenous nicardipine in patients with coronary 





nic. vascular resistance. decreased 
igh et al also observed that there was 
nt change in either pressure or resistance in 
uln circulation, essentially reflecting a domi- 

eroas zeducing action with no significant veno- 
effects during intravenous administration of ni- 
pine in petients with relatively normal ventricular 
ction (meza pulmonary wedge pressure 9 + 4 mm 
On the centrary, La Rovere et al* observed signif- 
decreases in mean pulmonary artery and right 
ressures, and significant reduction of pulmonary 
‘tery resistaree after administration of 5 mg of intra- 

ous nicard pine in patients with a previous myocar- 
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pine, } possibly due to the different basal h 


al infarction {mean pulmonary wedge pressure 18 +: 












status or lower dose of nicardipine, or- both? e 

We used positive and negative dP in o as s biae 
of left ventricular systolic and diastolic function, respec- 
tively. Positive dP/dtmax may be influenced b heart 
rate, preload and afterload.!!!2 In the present tudy a 
heart rate and left ventricular end-diastolic pressure sig- oe 
nificantly changed, but the number of these changes 
was small. On the other hand negative dP > /dtmax has 
been reported to be a more reproducible measure of the 
rate of relaxation than an exponential time constant of 
isovolumic pressure decrease,!3 and is most closely re- 
lated to the magnitude of the peak aortic systolic pres 
sure and, to a lesser degree, to the magnitude of cardiac 










































FIGURE 3. (A), correlation be- 


nega- 
tive dp/dtmax and ASP before 
infusion, and maximal extent of 
increase in negative dp/dtmax/ 
ASP after infusion. n.s. = not 
significant. 
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FIGURE 4. (A), left ventricular 
stroke work index (LVSWI) | is” Bek 

























the present study, positive 








pressure to. correct. the influences of afterload on left 
ventricular function. The present study did not show a 
> -significant decrease in positive dP /dtmax /aortic systol- 
-ic pressure, even with a concomitant reduction in left 
‘ventricular filling pressure. Therefore, our data indicat- 
- ed that intravenous nicardipine exerted no negative ino- 
tropic effects on the left ventricle in our patients. How- 
ever, the decrease in negative dP /dtmax, resulting 
largely from the decrease in aortic systolic pressure, 
and a significant inverse correlation between negative 
dP /dtmax/aortic systolic pressure before infusion and 
its maximal percent increase afterward, indicated that 
_ intravenous nicardipine had a beneficial effect on dia- 
-stolic relaxation only in patients with impaired diastolic 
< function. Satoh et al® reported a dose-dependent de- 
` crease in developed tension of papillary muscles using 
-= isolated preparation, whereas Takenaka? stated that in- 
travenous nicardipine produced a positive inotropic ef- 

‘fect with a low dose (1 to 10 ug/kg) and a negative 
inotropic effect with a high dose (0.1 to 1.0 mg/kg). 
Therefore, direct negative inotropic effects with a low 
dose of nicardipine can be masked in the intact circula- 

tion by the concomitant afterload reduction or by a re- 

flex increase in sympathetic activity, or both. Pouleur et 

al? reported that intravenous nicardipine (2.5 mg) ad- 
ministered after propranolol (0.1 mg/kg) improved left 
-ventricular pump function, had no negative inotropic 
effects and ameliorated left ventricular diastolic func- 
tion in patients with coronary artery disease (mean left 
- ventricular end-diastolic pressure 18 + 5 mm Hg). Fur- 
- thermore, they stated that the fact that its beneficial 
effect on diastolic function was still evident after pro- 
pranolol indicated that this amelioration was not relat- 

ed to the reflex increase in sympathetic activity, but 
rather to the afterload reduction or to some other but 
still hypothetical metabolic effect. Our data indicated 
<- the depression of left ventricular pump function, proba- 
bly due to the lower level of left ventricular end-diastol- 
-ic pressure. Cohn et al!5 reported that if cardiac func- 

















ti and 
vere adjusted for aortic systolic 


“4, Lahiri A, Robinson CW, Tovey J, Caruana MP, Kohli RS, Ha 






ado exerts a favorable effect fps npair 
stolic function, but depresses left ventricular: 
function with less marked effects on right heart 
lation. 
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-The efficacy and safety of bepridil hydrochloride 
(200 to 400 mg/day) were evaluated in patients 
with chronic stable angina refractory to maximal 
` tolerated doses of diltiazem (median 360 
mg/day) in a randomized, multicenter, double- 
blind, parallel study. Baseline diltiazem data 
- were obtained during a 2-week period, after 
_ which 86 pztients were randomized to bepridil 
(n= 46) or diltiazem (n = 40). Angina frequency, 
. nitroglycerim consumption and ischemic manifes- 
_ tations induced by exercise treadmill testing 
were evaluated over 8 weeks. Bepridil signifi- 
cantly (p <0.95) increased time to angina onset, 
_. time to 1 ane 2 mm of ST-segment depression, 

total exercise time and total work over baseline 
values. Chamges in time to angina onset and time 
to I mm of ST-segment depression were signifi- 
_ cantly (p <0:95) greater for bepridil than for dil- 
tiazem. Ang na frequency and nitroglycerin con- 
sumption did not differ significantly between 
groups. Compared with baseline, bepridil signifi- 
-- : cantly (p <0.901) decreased heart rate (mean 4 

| beats/min) and prolonged QTc (mean 35 ms). 
The most frequent adverse effects in both 
groups were nausea, asthenia, dizziness, head- 
ache and diarrhea. Four patients taking bepridil 
and 1 taking diltiazem withdrew from the study 
because of adverse reactions. No sudden deaths, 
-- myocardial irfarctions or instances of sustained 
_ ventricular tachycardia or torsades de pointes 

occurred in ether group. The data indicate that 
<: bepridil prownkied safe and effective antianginal 
_ and antiischemic therapy in patients with chronic 
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stable angina who exhibited less than optimal re- 
sponse to maximal tolerated doses of diltiazem. 
(Am J Cardiol 1991;68:306—312) 


s a class of therapeutic agents, calcium antago- 

nists have an established role in the treatment 

of many cardiovascular conditions,'~!° includ- 
ing ischemic heart disease. However, not every calcium 
antagonist has a use for every indication because these 
drugs exhibit a wide spectrum of pharmacologic and 
pharmacokinetic properties,!! particularly with respect 
to their effects on heart rate, their plasma elimination 
half-life and their hemodynamic effects. As with vera- 
pamil hydrochloride and diltiazem hydrochloride, 214 
bepridil hydrochloride exhibits a therapeutically signifi- 
cant sympatholytic action. This produces a statistically 
significant decrease in heart rate which may contribute ~ 
to its antiischemic actions. Unlike verapamil and diltia- 
zem, however, bepridil has a long plasma half-life, thus 
permitting once-daily administration. Bepridil also dif- 
fers from these agents in that it increases the atrial and 
ventricular effective refractory periods and SOHNE UERE: 
ly prolongs the QTc interval.®:!2-!4 

Numerous trials have established the antianginal ef- 

ficacy of once-daily doses of 200 to 400 mg of bepridil 
in chronic stable angina pectoris.!>-22 However, the po- 
tential benefit of using bepridil when other calcium an- 
tagonists have provided suboptimal therapy is a topic 
that warrants further investigation. The objective of the 
present study was to compare the efficacy and safety of 
bepridil and diltiazem in patients with chronic stable 
angina refractory to maximal tolerated doses of diltia- 
zem. 


METHODS : 
Study design: This multicenter study used a double- 


blind, parallel design with randomization (block size 4). Ei 


stratified by clinical site; 15 centers participated (see 
o and 86 aaa entered ihe double-blind S 

















, and | patients ‘who Were to enter the 
week ‘double-blind: trial were randomly assigned ei- 
ther to continue receiving diltiazem, at the dose level 
previously established for them, or to receive bepridil. 
- Diltiazem was discontinued for 24 hours before study 


proved by the respective institutional review boards; all 
patients gave informed consent. 
“Patient selection: The study solinan consisted of 
patients with chronic stable angina pectoris refractory 
a range of antianginal therapy. Specifically, immedi- 
ately before the study they had received diltiazem at 
the maximal tolerated dose (not to exceed 360 mg/ 
- day) but had not demonstrated optimal therapeutic re- 
__ sponse, continuing to experience symptoms that inter- 
,. fered with the quality of their life, work or recreational 
R` activities. Patients who could tolerate 8 blockers, and in 
-whom they were not contraindicated, had received 
them concomitantly with diltiazem, but this addition 
< had not provided adequate therapy. The average angi- 
na attack rate for the group entering the double-blind 
phase was 8 per week per patient. Concomitant drug 
therapy was not altered during this phase. 
i; During the evaluation period before the study, the 
==; diagnosis of chronic stable angina pectoris was con- 
© firmed by history and positive exercise tolerance test. 
-= The test was considered positive for ischemia if typical 
angina developed during exercise and was associated 
with =1.0 mm horizontal or downsloping ST-segment 
-depression measured 0.08 second from the J point. All 
patients had resting electrocardiographic ST- and T- 
wave patterns that would not interfere with the correct 
`- interpretation of ST-segment deviation during subse- 
< quent exercise stress tests. 
- Patients who had experienced a myocardial infarc- 
tion within 3 months of the study or had congestive 
heart failure or any other cardiac condition that might 
interfere with data interpretation or that would put 
< them at undue risk were excluded from the study. Pa- 
tients with bradycardia <50 beats/min, those with 
QTc prolongation > 15% above the upper limit for their 
zage or sex and those with serum potassium levels <3.5 
-mEgq/liter also were excluded. 
_ Long-acting nitrates and 8 blockers were permitted 
-and maintained at previously established fixed doses. 
-Sublingual nitroglycerin was permitted for the relief of 
angina; however, prophylactic use of nitroglycerin was 
7 prohibited. Concomitant medications that would not in- 
. terfere with the steals eats of dre Ae results were Per 



























were not perm 


medication was started. The study protocol was ap- 


ridil was permitted in order to obtain optimal the 


by investigators at each visit (weeks 2, 4, 6 and 8). At 
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Drug dosage and administration: Because dili 
had been titrated i in all patients to the highest per iY 
ble or tolerable level, dosage in the diltiazem grou] 
mained fixed at that level for the 8-week study peric 
The initial dosage for those randomized to receive 
ridil was 200 mg once.a day. Upward titration of 





















tic response: Dosage could be increased at week 
300 mg and at week 4 to 400 mg, the maximal al 
able dose. If significant adverse reaction or QTc pro 
gation occurred, the dose was reduced. 

Evaluation of efficacy: Patients encouraged to ma 
tain their usual level of activities were given diaries 
which to record frequency of angina attacks and num- 
ber of nitroglycerin tablets taken. Diaries were reviewed | 






























the final visit, whenever it occurred, patients and inves- 
tigators evaluated the response to therapy and com- 
pared the study medication with the previous diltiazem : 
therapy. ne 
Exercise tolerance tests were performed before the 
study, at entry into the double-blind therapy and at 
weeks 4 and 8. Treadmill exercise testing, using the 
Bruce protocol modified to include a stage 2 at the 
outset, was performed at approximately the same time 
of the day for a given patient. To ensure that adequate 
levels of diltiazem were potentially available, the drug 
was administered 2 to 4 hours before the exercise toler- 
ance test. Time to angina (the primary efficacy param- >- 
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ETT = exercise tolerance test 
“Diltiazem discontinued for 24 hours 


FIGURE 1. Protocol design of the multicenter double-blind 
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boo Female 9 
-Race 












7 _ White 38 37 
- Black 6 2 
Other 2 1 
Age (yr) 
Mean 62 62 
= Range 42-78 43-79 
. Weight (IES) 
Mean 184 180 
Range 102-253 128-280 










































< eter), total exercise time, time to | and 2 mm of ST- 
< segment dep-ssion and total work were measured. If 
= there was ne angina or | or 2 mm of ST depression 

-during exercse, total exercise time was substituted in 
the data anaivsis. 

Work capacity in kilopond meters (kpm) was calcu- 
lated from the results of each stage of the stress test, 

-using the folk-wing formula: work (kpm) = sin 8 X ex- 
ercise time {seconds) X body weight (kilograms) X 
treadmill spezd (meters/second) where £ is the angle of 
inclination oč the treadmill or 8 = arctan (treadmill 
grade in per-ent/100). Total work was computed as 
the sum of work done at each stage; this value was 
divided by 1400. 

Heart rate and blood pressure were recorded before 
and after exerzise, at onset of angina and at 1, 3, 5 and 
8 minutes afr exercise. The type of ST-segment de- 
pression was recorded before and immediately after ex- 
= ercise. If the maximal ST-segment change occurred 
during the 8 -inutes after cessation of exercise, the de- 
gree of ST-segment depression and the time after exer- 
cise to that Gepression were recorded. 

Evaluatiomof safety: Heart rate, blood pressure and 
electrocardiog~ams were recorded at each visit. Clinical 
laboratory tests (hematology, serum chemistry and uri- 
nalysis) were performed at study entry and at weeks 4 
and 8. Reports of adverse reactions were evaluated to 
‘determine the:r relationship to study drug. 
Statistical analysis: Continuous demographic vari- 
ables were compared between groups using 2-way anal- 
ysis of variaree. Categorical variables were compared 
‘between groups using Fisher’s exact test. Diary infor- 
“mation was averaged between visits. For stress test vari- 
ables, changes from baseline were evaluated using the 
„paired ¢ test and were compared between treatment 











‘groups using 3 n A of variance on | ranks pier s 


tor ae patient oa valnations an at Tee iae com- 
parisons with baseline diltiazem therapy were analy: re o 
using the Mantel-Haenszel technique.. Only the initial: “e 





and final values were compared for vital signs, electro- — 2 


cardiograms and laboratory test data. With the excep- 
tion of treatment/investigator interactions, statistical 
significance was defined as p <0.05. For the efficacy 
variables, testing the hypothesis that bepridil was more 
effective than diltiazem, all tests were 1-sided. For the 


safety variables, testing for a difference between drug g 


groups, all tests were 2-sided. SAS type H sums of 
squares were used for all analyses of variance. 


Eighty-six patients (46 in the bepridil group and 40.“ 


in the diltiazem group) participated in the double-blind 


segment of the study. Analysis showed no statistically 
significant between-group differences demographically. 
(Table I) or with regard to patient history of coronary 
artery disease or present cardiac status (Table II). 
Fifty percent of the bepridil group and 60% of the 
diltiazem group were receiving the maximal dose of dil- 
tiazem (360 mg/day) immediately before the study. 
Other doses of diltiazem ranged from 90 to 270 mg/ 
day; the median dose was 360 mg/day. 6 Blockers, ad- 
ministered to 72% of the patients taking bepridil and to 
58% of those taking diltiazem, were continued at the 
same dose, as were long-acting nitrates, which were 
used by 52% in the bepridil and 60% in the diltiazem 
groups. There were no significant between-group differ- 
ences for any of these variables. During the study, the- 


daily doses of bepridil ranged from 200 to 400 mg (me-. A 


dian 300). Weeks 4 through 8 of the study represent — 
therapy at the maximal dose for the patients receiving 
bepridil. 

Of the 86 patients, 72 (37 receiving bepridil and 35 
receiving diltiazem) completed the study. The reasons 
for discontinuing therapy prematurely were adverse ex- 
periences (4 [9%] bepridil, 1 [3%] diltiazem); increased 
angina (4 [9%] bepridil, 1 [3%] diltiazem); intercurrent — 
illness (0 bepridil, 1 [3%] diltiazem); other (noncompli- . - 
ance, 1 [2%] bepridil; and administrative, 2 [5%] diltia- => 


zem). The adverse effects experienced by the bepridil 
patients were dizziness on day 1; lightheadedness and 
wide QRS interval at 28 days; left bundle-branch block. = 
at 28 days; and fever, leukopenia and pharyngitis at 55 0" 
days. The patient taking diltiazem withdrew on day 5 
because of. Ea chest t par > Symptons m. k all. 



















: 4(p = 0.061 ), total ork at week ~ some way that woulc u e inc 
= TA angina . attack rate at baseline ps = sults, no explanation was found. Therefore, d 
i these patients are included in the results. 
Measures of ischemia during treadmill € 
Mean values and mean changes for exercise tole Ji 
test parameters (times to angina, 1 and 2 mm of 
segment depression, total exercise time and total 
are displayed in Table HI. Data from 5 beprid 
reas. tients and 4 diltiazem patients for whom either b 
i; T interval of his bepridil p patients did not or. follow-up information was missing were exclud 
yange. whereas the QTc interval in those taking diltia- from analysis. Treatment with bepridil resulted i in 
em increased. ae every effort was made to de- tistically significant increase from baseline i in all parar 


[ tame " Baseline Cardiac Status by Study Group í | ne ee 
Bepriai Cer Diltiazem 


Previous myocardial infarction” 46 0.9 + 0.1 
“Vessels with. > 60% obstruction - «86.82 | 2120.2 
: ypassed vessels? 7; ABS 0.5+0.1 
ie Left ventricular ejection fraction 8: NZ 2.1 
“STuenty-eght of 46 patients taking bepridil and 20. of 40 patients taking diltiazem had history of EETA infarction. 
Case records for 2 patients did not indicate number of myocardial infarctions, 
_SSeventeen of 46 patients taking bepridil and 16 of 40 patients taking diltiazem had history of coronary artery bypass surgery. 


a §Case record for 1 patient did not indicate number of bypassed vessies. 
Data not available for all patients. Vatues are mean + standard error of the mean. 


: : TABLE il’ Effects of Bepridil and Diltiazem on Exercise Tolerance Test Parameters 
: Bepridit Diltiazem 


Mean Difference : i a A Difference 
Change from Baseline co Mean shange ` from Baseline ofo 


cv Time to-angina (min) 
- Baseline 
1.4 £ 0.3 
i804 
1804 


1.2 + 0.3t 
1.5 + 0.4f 
1.5 + 0.37 


5. 06402 

5 0840.3 

` 0.9 + 0.3 
_ Total exercise time (min) 

- Baseline 

V 0.5 + 0.2t 

0.5 + 0.2 

0.6 + 0.2 


0.4 + 0.2! 
5 O52 0.2 
4°. 05+ 0.2 














Mean Difference “Mean Difference g 
No. Mean Change from Baseline No. Mean Change from Baseline ~ 






‘Hea rtrate (Eeats/min) 





<- Baseline 45 60 + 2 38 6222 
~ Week 4 37 57 +2 ~4+ 1t <0.001 3] 64 +2 1+2 NS 





"Week 8 36 65 + 2 -5+1 <0.001 34 62 +2 -1+2 NS 









Final* 45 56 +1 -4+1 <0.001 38 61+2 -l+2 NS 
“QTc (ms) 
Baseline 45 415 +4 38 418 +4 
Week 4 37 452 +7 34 + 6t <0.001 31 431+6 8+6 NS 
Week 8 36 456 + 6 40 = 6! <0.001 34 421 + 6 l7 NS 







Final* 45 450 + 6 35 + 6 <0.001 38 419 +5 1+6 NS 


- *Patient's last wait, whenever it occurred. 

-f  *Significantly (¢ < 0.01) different from diltiazem mean change. 
EO Significantly (¢ =< 0.001) different from diltiazem mean change. 

. |.» Values are meatect standard of error of the mean. 

“Po ONS not significant, 










eters at all evaluations except total exercise time and pressure product tended to be significantly lowered with 

total work a: week 4, with a trend toward continued both bepridil (from 18.0 to 16.7) and diltiazem (from 

improvement between weeks 4 and 8. Changes from 18.7 to 17.4). However, the magnitude of this change. ce 

baseline wit diltiazem were not significant. was not significantly different between the 2 drugs. 

ee Angina teequency and nitroglycerin consumption: Resting heart rate and QTc: Mean baseline data .. 

Mean data are shown in Figures 2 and 3. In both and mean changes at weeks 4 and 8 and at the final — 
groups, the aumber of angina attacks per week was visit are listed in Table IV. Diltiazem produced no. sig- 
reduced sigrficantly starting at week 4; there were no nificant change from baseline in heart rate. Bepridil re- 

-significant between-group differences. Mean number of | duced mean heart rate by 4 beats/min from baseline to s 
mitroglycerir tablets taken per week was reduced in final visit. Mean change from baseline with bepridil — 
both groups by week 8 of the study, and there were no was statistically significant (p <0.001) at all evaluation- 
significant de ferences between groups. points. However, the difference between the effects of 

7 Rate-preesure product: Compared with baseline bepridil and diltiazem was significant (p <0.01) only at 

< values, the “nal mean peak heart rate/systolic blood week 4. Bepridil prolonged the mean QTc interval from - 
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7 QTc seen i with b epridil was statistically significant not 
-only compared with baseline (p <0.001) but also com- 


$7 pared with the mean diltiazem changes at each evalua- 


7 ton (p: <0. 003). 
Adverse experiences: Seventy-five percent of pa- 
tients taking diltiazem and 87% taking bepridil report- 
ed adverse experiences. Most of these (>55%) were 
Incidences of the most frequently occurring ad- 
A reactions are compared in Table V. Incidences of 
constipation and edema, adverse effects associated with 
< other calcium antagonists, were 0 and 2% for bepridil 
and 5 and 8% for diltiazem. In terms of clinical labora- 
tory results, 2 patients had minimal alterations of 1 or 
both transaminases and | patient, who discontin- 
ued therapy prematurely, had leukopenia. No sudden 
deaths or myocardial infarctions occurred in either 
group, nor were there any cases of sustained ventricular 
tachycardia or torsades de pointes. 












DISCUSSION 

Numerous multicenter and single investigator stud- 
ies in patients with chronic stable angina have estab- 
lished that bepridil given once a day (200 to 400 
mg/day) delays the onset of chest pain, increases the 
duration of exercise on the treadmill, delays ST-seg- 
ment deviations, reduces angina frequency and nitro- 
glycerin consumption and attenuates the electrocardio- 
graphic manifestations of ischemia induced by exer- 
cise: 15-22 

Our study extends these observations to patients 
with chronic stable angina refractory to maximal toler- 
ated doses of diltiazem. A major difference between 
our patients and those in the earlier trials, all but 2 of 
which prohibited concomitant use of @ blockers, is that 
more than half of our patients required 8 blockers and 
long-acting nitrates and were maintained on their pre- 
study doses while they were receiving study medication. 
Although no direct comparisons were made with pa- 
tient populations in other trials, this indirect comparison 
may indicate that patients in our study had more seri- 
ous cardiovascular disease than did patients in the earli- 
er trials. 

This study was designed to show that, with respect 
to symptomatic relief of angina, if patients are resistant 
to diltiazem, treatment with bepridil offers benefits over 


a continuing with diltiazem. To qualify, patients had to 


be experiencing symptoms that interfered with their 


quality of life despite the fact that they were taking 






we ‘maximal tolerated doses of diltiazem. Therefore, the 
_ lack of change from baseline in patients randomized to 
ates is consistent il the fact that their baseline 








visit by 35 ms. Mean change in ake 


de ; i in which bepridil?3- lengthened repolarization, the dru 
oP scale the QTe interval i in other clinical studies? 





AB fos Frequently Occurring Adverse E Effects ts Durin 
j e-Blind Therapy : : 


Number (%) of Patients 


Diltiazem aa 
(n = 40) . 






Bepridi 
(n = 46) 





Nausea 10 (22%) 3 (8%) 
Asthenia 8 (17%) 4(10%) - 
Dizziness 8 (17%) 2 (5%) ae 
Headache 7 (15%) 3(8%) 
Diarrhea i 





7 (15%) 1 (3%) 


indicated that, when substituted for diltiazem, beprid 
provided additional efficacy in these patients who were 
not experiencing a satisfactory response to diltiazem. 
The investigator-treatment interactions observed for _ 
the exercise tolerance test parameters of total exercise _ 
time and total work at week 4 were of interest. Since — 
the cause of the interactions could not be ascertained, - 
we chose to be statistically conservative and to present 
the results with the contradictory data included. Had — 
these data been excluded from analysis, the compari- : 
sons between treatment groups with regard to stress test 
results would have favored the bepridil group much | 
more strongly. Even with our approach, mean changes _ 
from baseline to final visit for time to angina onset and 
time to 1 mm of ST-segment depression were signifi- 
cantly greater with bepridil than with diltiazem. : 
The mechanisms underlying the possible differences 
between the effects of bepridil and diltiazem on the pa- 
rameters of ischemia induced by exercise stress testing 
are not certain. In this study, bepridil appeared to exert 
a slightly greater bradycardic effect associated witha. 
correspondingly lower rate-pressure product. However, 
although not statistically significant, a higher percent- _ 
age of the bepridil patients (72 vs 58% for diltiazem). 
were receiving concurrent 8-blocker therapy. With bep-_ 
ridil, the beneficial antiischemic effects as determined — 
by stress testing tended to increase as a function of 
time; such a trend was not discernible with diltiazem. = 
In light of the study design, it is not surprising that- 
fewer patients in the diltiazem group than in the bepri- — 
dil group discontinued therapy prematurely because of H 
increased angina. The long half-life of bepridil may also ~ 
help explain this result: 2 of the patients taking bepridil. 
took the drug for <1 week, and their plasma drug lev- 
els may not have reached steady state before the pa- 
tients withdrew from the trial. Likewise, perhaps be- 
cause the study design effectively eliminated patients 
whose therapeutic response to diltiazem would have. 
been totally outweighed by adverse experiences, the 
overall incidence of adverse experiences was less 1 in the 
diltiazem than in the bepridil group. Bay 
In accordance with the data in animal preparation 
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‘increase with 2 ‘ime. . There were no ) instances of ee 
ae pointes or sudden death. 

2 In conclusion, the present study documents the safe- 
i 5 and efficacy of once-daily doses of bepridil in pa- 
- tients with chronic stable angina pectoris refractory to 
_ maximal tolerated doses of diltiazem. Whereas these 
results canno be used to imply that bepridil would be 
A more effective than diltiazem in all patients with chron- 
ic stable anga, they do provide objective evidence in 
our subgroup of patients for the benefit of bepridil as 
an alternativ to continuing with diltiazem when it 
failed to provide optimal control of angina. 

| Acknowledgment: We are indebted to Lawrence 
Kimble for help with the preparation of this manu- 
script. 
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The risks and long-term outcome after 845 elec- 


tive percutaneous transluminal coronary angio- 
-plasties (PTCA) in patients with left ventricular 
(LV) dysfunction (ejection fraction <40°%) were 
examined. Procedural results were compared 
with 8,117 consecutive procedures in patients 
-With ejection fractions >40%. The patients with 
LV dysfunction were older (63 vs 60 years, 
-~ p <0,01), had a greater incidence of prior myo- 
cardial infarction (84 vs 45%, p <0.001), prior 
bypass surgery (39 vs 21%, p <0.001), 3-vessel 
disease (62 vs 33%, p <0.001), and class IV an- 
o gina (48 vs 41%, p <0.01) than the control 
group. Angiographic success was lower (93 vs 
+ 95%, p <0.01), and overall procedural mortality 
-was increased (4 vs 1%, p <0.001) in the study 
group. Emergency surgery rates were identical 
(2%). No significant difference was found in 
rates of nonfatal Q-wave myocardial infarction 
(2 vs 1%). At mean follow-up of 33.5 months, 
15% of the patients with LV dysfunction re- 
quired late bypass surgery, 27% underwent re- 
_ peat PTCA, and 59% were angina free. Actuar- 
jal survival at 1 and 4 years was 87 and 69%, 
respectively. Cox regression analysis identified 
_ 3-vessel disease, age >70 years, class IV angina 
_and incomplete revascularization as correlates of 
long-term mortality. These data suggest that 
PTCA may be an effective treatment for coro- 
nary artery disease in patients with LV dysfunc- 
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a O ed i in the study only if additional evidence of poor LV 


fter the introduction of percutaneous translu- _ 

minal coronary angioplasty (PTCA) as a non- 

operative method of myocardial revasculariza- 
tion, it was estimated that only about 5% of patients | 
with coronary artery disease would be candidates for 
the procedure.! Patients with left ventricular (LV) dys- 
function were considered to be poor candidates for — 
PTCA. Over the past decade advances in operator ex- 
perience and improved equipment have greatly expand- a 
ed the range of patients with coronary artery disease _ 
potentially suitable for treatment with PTCA.? The dis- 
couraging natural history of medically treated patients 
with LV dysfunction, 4 combined with the increased = 
risks of surgical revascularization in these patients, 6 = — 
provided the impetus to consider PTCA as a therapeu- 
tic option in these patients. Only limited experiences —__ 
with PTCA in-patients with LV dysfunction are avail- 
able.7-!0 The present study examines the procedural 
risks and long-term outcome after PTCA in a large 
group of patients with LV dysfunction. 








METHODS S 
Patient population: Beginning in 1980, clinical and o 
procedural details of patients undergoing PTCA by our- 
group have been prospectively recorded and entered _ 
into'a computerized database. Many patients were te- __ 
ferred from outside institutions and had diagnostic _ 
catheterization studies performed at other centers. Pa- 
tients with an ejection fraction <40%, calculated from 
contrast ventriculography at our institution or atan 
outside hospital, were coded as LV dysfunction. Ejec- 
tion fractions were calculated from ventriculograms 
performed in the right anterior oblique projection using = — 
the Kennedy regression equation.'' Referral catheter- 
ization films that were not accompanied by a calculated — 
ejection fraction were reviewed at the time of receipt by ` 
an experienced invasive cardiologist and a visual ¿ assess- 
ment of LV ejection fraction as >40% or <40% w 
made before PTCA. The hospital and clinic charts of 
every patient with a visually estimated ejection fraction 
£40% were reviewed in detail and patients were includ- : 















-PTCA IN LEFT VENTRICULAR DYSFUNCTION 3413- 


E cluded P deaths: hae ‘hospital i re 


sulting from associated medical diseases or cardiac — 





co eem critical medical caine or both, it was un- 
derstood by the patient and family before the procedure 
that emergency surgical intervention was not reason- 
able. Unless contraindicated, routine premedications in- 
cluded 325 mg of aspirin 1 to 3 times daily, dipyrida- 
mole 75 mg 2 times daily, isosorbide dinitrate 5 mg 
sublingually, lidocaine intravenously 75 mg, and a cal- 
cium antagonist. After arterial access, 10,000 U of hep- 
arin were administered intravenously and an additional 
~ §,000 U were given for each additional hour of the pro- 
cedure. Typically, 3 to 5 inflations lasting 45 to 90 sec- 
-onds were performed across each lesion using pressure 
sufficient to achieve full balloon expansion. Shorter bal- 
loon inflations were used if severe angina pectoris or 
-important hypotension occurred. Aortic pressure was 
monitored continuously from the guide catheter. In se- 
lected cases, an intraaortic balloon pump was inserted 
-at-either the beginning of the procedure or during the 
procedure to provide hemodynamic support. This deci- 
sion was made by the individual operator and was not 
outlined by protocol. Percutaneous cardiopulmonary 
bypass support was not used in any patients in this se- 
ries. After the procedure, sheaths were kept in place for 
24 hours while a heparin infusion was adjusted to 
maintain the partial thromboplastin time at 2 to 3 
times control. At discharge, patients continued to take 
aspirin and a calcium antagonist in addition to other 
medicines as needed. 
7 Study definitions: Significant coronary artery steno- 
ges were considered to be luminal diameter narrowings 
of 270% estimated visually. Multilesion PTCA was 
defined as an attempt to dilate 22 stenoses occurring in 
the same or cifferent arteries. Multivessel PTCA was 
© defined as an attempt to dilate 22 stenoses that were in 
-.. different epicardial coronary arterial systems. Angio- 
graphically successful PTCA was defined as a reduc- 
-tion in luminal diameter narrowing to <40% as deter- 
~ mined by the operator. Clinically successful PTCA was 
-~ defined as angiographic success in all sites attempted 
-without compiicating myocardial infarction, urgent cor- 
-onary artery bypass grafting or death. A myocardial 
infarction was defined by the presence of typical pro- 
longed chest pain accompanied by new Q waves on the 
electrocardiogram and an increase in creatine kinase 
-and MB isoenzymes. Creatine kinase levels were not 





































not participati 











-routinely measured after uncomplicated PTCA. All 
hospital deaths were reviewed by a single physician 
ing in the PTCA procedures. Procedural (94%), constitu 


angiographic fe feat 


present in 704 pa 


-death was defined as a death occurring any time during 
the patient’ s hospitalization due directly to the PTCA e. 
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deaths due to preexisting disease not attributable to the 
PTCA. Complete revascularization with PTCA was = 
defined as no remaining residual stenoses in epicardial ~ 
arteries or bypass grafts 250% after dilatation, includ- 
ing chronic total occlusions. Event-free survival was de- — 
fined as freedom from death, nonfatal myocardial in- 
farction, and coronary artery bypass grafting in follow- 
up. 

Predicted mortality: To characterize the mortal risk 
of PTCA in these patients compared with surgical re- 
vascularization, the most recent 100 patients in this se- 
ries with a calculated ejection fraction <40% and with- 
out prior coronary artery bypass surgery were reviewed. 
Their contrast ventriculograms were reviewed by a sin- 
gle experienced angiographer without knowledge of the 
patient identity, characteristics or procedural outcome. 
Regional wall motion was assessed in the right anterior 
oblique projection and was graded according to the 
scoring system of the Coronary Artery Surgery Study 
on a scale of 5 to 30.1213 A predicted operative mortali- 
ty for elective coronary artery bypass grafting was cal- 
culated for each patient by the Coronary Artery Sur- 
gery Study,'+!? using the revised coefficients of Fisher 
and Kennedy.'* 

Follow-up: The status of hospital survivors was as- 
certained by outpatient follow-up or questionnaires 
through the mail regarding subsequent cardiac proce- 
dures or events. Nonresponders were questioned over 
the telephone whenever possible. Ss 

Statistics: All continuous data are presented as 
mean + | standard deviation. The 2 tailed Student £ \. 
test or Fisher’s exact test was used for comparison of 
continuous variables and the chi-square test was used 
for categorical variables. Survival curves were generat- 
ed using the Kaplan-Meier actuarial method, and com- 
parisons between survival distributions were made using 
the Lee-Desu statistic. Stepwise logistic regression was 
used to evaluate the effect of selected clinical variables 
on in-hospital mortality. A Cox proportional-hazards 
model was used to evaluate long-term survival after. = 
PTCA. A p value <0.05 was considered significant. . 
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RESULTS 

Patient characteristics: During the study period 
(1980 to 1989), 8,962 PTCA procedures were per- 
formed for indications other than acute myocardial in- a 
farction. LV oe Aejection fraction l 40%) was s ; 













in patients with ejection fraton >40%. Oreal. the 
_ patients with LV dysfunction were older, more likely to 
- have had a prior myocardial infarction or diabetes mel- 
_ litus, presented more often with severe angina, and had 
more extensive coronary artery disease, In 507 (60%) 
of the procedures in patients with LV dysfunction, a 
calculated ejection fraction was available from contrast 
left ventriculography. In the other 338 procedures, the 
estimated ejection fraction, corroborated by a detailed 
chart review, was <40%, but a precise value was not 





















estimated ejection fractions were compared, there were 
_ no consistent differences between. the 2 groups to sug- 
~ gest selection biases (Table II). Therefore, unless indi- 
- cated otherwise, the results were analyzed for all 845 


RS = “TABLE i Clinical and (Apgionranine Baseline Characteristics of Patients with Left Ventricular r Ejection Fractions (LVEF) <40% : : 
| Compared with > 40% Treated with Percutaneous Transluminal Coronary Angioplasty. = 


LVEF < 40% 


Procedure no. 845 
Mean age (yr)/range 63/26-89 





Age > 70 years (%) | 236 (28) 
Men (%) 665 (79) 
Prior myocardial infarction (%) 713 (84) 
Prior coronary bypass (%) 333 (39) 
Diabetes mellitus (%) 208 (25) 
NYHA angina class 

If (%) . 279 (33) 

IH (%) 161 (19) 

V% 405 (48) 
l-vessel disease (%) 86 (10) 
2-vessel disease (%) 233 (28) 
3-vessel disease (%) : 526 (62) 
Left main disease (%) | i 38 (5) 





NYHA = New York Heart Association. 





840% 


assigned. When. the clinical characteristics and major 
procedural outcomes of the patients with calculated and. which was lower than the success in 18,149 o 
lesions (95%) i in patients with ejection fraction 


(p =0.007). 





“TABLE it Comparison of Clinical and da Procedural Variables in Patients with Calculated a or Estimated C Fractions 


Calculated EF <40% 





na was 31: +7% (range of 10 to 40). 
fraction was 30 to 40% in 331 of the procedur: i 
20 to 29% in 145 procedures (29%), and <20% 
procedures (6%). 

Angioplasty results: The results- of PTCA d 
tients with and without LV dysfunction are si 
rized in Table III. During the 845 procedures 
tients with ejection. fractions <40%, PT 
attempted i in 2,211 lesions (2. 6 | per p procedure) 
graphic success was achieved in 2,065 lesion: 




























The number of stenoses dilated 
from 1 to 15. Multivessel PTCA was performed L. 
procedures (AR An intraaortic balloon pump 




















“LVEF > 40% 
8.117 














60/15-92 <0.01 
1,581 (20) <0.001 
6,310 (78). 0.53 
3,490 (45) <0.001 
1,736 (21) <0.001 
1,108 (14) <0.001 
2,871 (37) 

1,755 (22) 

3,175 (41) 0.001 

2,631 (32) oe 

2,840 (35). 

2,646 (33) | <0.001 
123 (2) : | <0,001 









“Estimated EF S 40% p Value 











“Procedure no. (%) a 507 (60) 


Mean age (yr) a y 63 + 10 
Age = 70 years (%) | | | 146 (29) 
Men(%) oe 396 (78). 
Prior myocardial infarction 1%). E < 440(87) 
Prior coronary bypass (%) s > et | | 166 (33) 
NYHA angina class 
II} (%) 182 (36) 
IH (%) 86 (17) 
IV (%) 239 (47) 
No. of sca arteries narrowed > 70% in diameter 
1 (%) o 7 61 (12) 
2 (%) 7 149 (29) 
3 (%) 






Left main disease > 50% (%) 
-Procedural infarction (%) 
ent coronary bypass Ce) sb Seed 
arae ballon ey oye 






ejection fraction SAVAR = “New York Heart T 


338 (40) 


62210. ca ce 





97 (29). 
75 (22) 
166 (49) 


25 (7). 


— 84 (25) 
229 (68) 


20 (6) 
4(1) 
8 (2) 


4l a2) 


12 “a 





0.91 .. 
0.54 0. 
0.61 
0.02 
<0.001 | 









0.06 































845 








a _Lesione attempted 


aS 2,211 
w Go Stenosws dilated/procedure 2.6 + 1.8 

Multilesion angioplasty (%) 564 (67) 

-  Multivessel angioplasty (%) 377 (45) 

-. Angiogsaphic success (%) 2,065 (93) 

Clinica! success (%) 683 (81) 

_ Complete revascularization (%) 249 (29) 
Urgent bypass surgery (%) 18 (2) 
Nonfatai infarction (%) 15 (2) 
Procedural death (%) 35 (4) 
Totai haspitai death (%) 42 (5) 

Length hospital stay (days) 4.4 


c|- LVEF = left ventrieular ejection fraction. 


~ (13%). In 76 srocedures, the balloon pump was placed 
‘prophylactically for hemodynamic support during the 
procedure. Among the 507 procedures in patients with 
_ calculated ejection fractions, prophylactic balloon pump 
support was used 6% of the time with an ejection frac- 
tion of 30 to 40%, 14% of the time with an ejection 
fraction of 2C to 29%, and 29% of the time with an 
-ejection fractien <20%. In the remaining 37 procedures 
_ the balloon pump was placed emergently during the 
<- procedure for severe hemodynamic instability or vessel 
< closure. Complete revascularization was achieved with 
< PTCA in 249 procedures (29%). Mean length of hospi- 
tal admission was 4.4 days for patients with LV dys- 
-function compared with 3.5 days for patients with pre- 
served functicn (p = 0.7). 
| Procedural complications: A comparison of proce- 
~~ dural complications in patients with and without LV 
dysfunction is presented in Table HI. In patients with 
+ LV dysfunctica, procedural complications of urgent by- 
~~ pass surgery, Q-wave myocardial infarction or death 
occurred after 53 procedures (6%). Urgent bypass sur- 
gery was perfermed in 18 patients (2%) for acute vessel 
closure, 6 of whom died in hospital. A nonfatal Q-wave 
< myocardial infarction after PTCA occurred in 15 pa- 
tients (2%). Procedural death complicated PTCA in 35 
patients (4%). The yearly death rate from 1980 to 1989 
ranged from 2 to 11%, and was <3% in each of the 
-years 1987 to 1989. The most frequent cause of proce- 
dural death was vessel closure in 27 procedures. Six of 
these patients were treated with emergency bypass sur- 
gery but couli not be weaned off of cardiopulmonary 
ypass. Nine patients with acute vessel closure in the 
thet e rization laboratory and 12 patients who occlud- 
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LVEF <40% 





used in conjunction with PTCA in 113 procedures 


e i er Hens! out of the ee died yond 


LVEF > 40% 
8,117 












19,132 
24+ 1.6 0.54 
5,011 (62) 0.005 
3,378 (42) 0.10 
18,149 (95) 0.007 
7,094 (87) <0.001 
4,819 (59) <0.001 
129 (2) 0.30 
115(1) 0.41 
93 (1) <0,001 
70 (1) <0.001 - 
25 0.70 





































ejection fraction of 30 to 40% (4%), in 7 of 145 proce- : 
dures with an ejection fraction of 20 to 29% (5%), and. 
in 2 of 31 procedures with an ejection fraction <20% 

(6%) (p = 0.8). a 

Hospital mortality: An additional 7 patients died be- 
fore discharge for a total hospital mortality rate of 5%. 
In 5 patients, unsuccessful but uncomplicated PTCA 
led to referral for elective coronary bypass grafting. 
Death occurred in 4 patients from 1 to 4 days postoper- 
atively due to a low cardiac output syndrome and in 1 
patient from a massive cerebral air embolus. One pa- 
tient died of a massive stroke 16 days after PTCA — 
while undergoing cardiac rehabilitation. One patient 
with recurrent ventricular arrhythmias before PTCA 
died of ventricular fibrillation 5 days after successful 
PTCA despite documentation of persistent arterial pa- 
tency at the dilatation site, Logistic regression analysis 
identified age 270 years and the presence of New 
York Heart Association class IV angina as independent 
predictors of hospital mortality. 

Predicted operative mortality: The predicted opera- 
tive mortality for coronary artery bypass grafting in the 
most recent 100 patients using the Coronary Artery 
Surgery Study formula!?-!* was 10.3%. Furthermore, 
41 of the 100 patients were prospectively coded by the 


dilating physician to be relatively or absolutely inopera- “sae 


ble due to severe ventricular dysfunction, diffuse coro- — 


nary disease, absent surgical conduit or advanced medi- © & 


cal conditions. The observed PTCA procedural mortali- 
ty for these 100 patients was 3% (p = 0.08. compared US 
with the predicted operative mortality). eo 


Long-term results: At hospital discharge, 662 pa- F 





tients were alive. The time from the a a 3 procedure : ny 







al available n foll 
































paring llew-up ee were 161 Jate he Over- 
z nia survival and event-free survival are demonstrated in 
į Figure 1. The actuarial l- and 4-year survival rates 
< were 87 and 69%, respectively. Event-free survival rates 
at I and 4 years were 71 and 47%, respectively. Cox 
-... multivariate analysis identified age >70 years, the 
-> number of diseased vessels and class IV angina as inde- 
pendently related to long-term mortality. 
Late coronary bypass grafting was performed in 92 
patients (15%) and a late nonfatal myocardial infarc- 
tion occurred in 50 patients (8%). At follow-up, class I 
< angina was reported in 280 patients, class II angina in 













= 96 patients, class IHI angina in 68 patients and class IV 


“angina in 27 patients. No further PTCA procedures 

were performed in 458 of the 632 patients (73%) fol- 
_ lowed. Repeat PTCA was PEERS in 174 patients 
o Q7%). 





<- DISCUSSION 

pE An attempt to examine any subgroup of patients for 
risks and outcome is hampered by the frequent. pres- 
ee ence of additional factors potentially influencing proce- 
- dural results. The study patients in this report not only 
_ had worse LV function than the control group, but also 
~- were older, and had more extensive coronary artery dis- 
< ease, advanced angina pectoris and diabetes mellitus. 
Patients were frequently specifically referred from out- 
-<> side institutions for refractory symptoms, unfavorable 

«oo anatomy or complicated medical conditions. 
~The. angiographic success of the lesions attempted 
was high (93%) but less than in patients with relatively 
preserved LV function. The technique of PTCA is of- 
ten more challenging in patients with poor LV function. 
Shorter balloon inflations may be required due to less 
r tolerance for transient ischemia. Guide catheter posi- 
tion must be monitored vigilantly to avoid prolonged 
obstruction to flow. Less tolerance for vasodilators 
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L pts. 495 9333 






482 (71%) 49. 8 











































Smaller volumes of contrast média t may. r ye req 
avoid pulmonary edema. Although the numt 
noses attempted was similar i in paan with 1 l 


tion, the extent of coronary artery dnia ae 
in the group with LV dysfunction. Therefore, 
plete revascularization was achieved less freq 
with PTCA in patients with LV dysfunction. Be 
strategy of dilating all lesions supplying ischemi 
cardium was generally. used, the incomplete re reva rae 
ization resulted predominantly from chronica 





ed native coronary arteries and grafts that either | 
not be opened. or were not attempted due to unfavor 
able angiographic characteristics.'!° ee 
Over a 10-year experience, the mortal procedur 
risk of PTCA was 4 times higher in patients with _ L V 
dysfunction. Procedural mortality was lower in the last 
3 years, and was <1% in the most recent calender year, 
probably reflecting a learning curve and improved cath- 
eter technology. Arterial dissection and subsequent ves- 
sel closure has been identified as the most important 
factor related to PTCA complications in patients with — 
predominantly normal ventricular function.'® The con- _ 
sequences of refractory arterial dissection and vessel 
closure were particularly high in our patients, and were — 
the major cause of death. The 33% operative mortality 
from low-output syndromes in the 18 patients referred . 
for urgent coronary artery bypass surgery is sobering, . 
and higher than a previous series of patients treated _ 
urgently with predominantly normal ventricular func- | 
tion.'7 Clearly, reductions in coronary flow, even for 
short periods of time, are tolerated poorly by patients 
with compromised ventricular function. Furthermore, 
attempts to reopen acutely occluded vessels with repeat _ 
PTCA could not prevent death in 9 patients with in- 
laboratory closure. In addition, 7 of the 12 patients dy- 
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conde ficial a and POE stents 
have proved useful for managing dissections refractory 













-cedural safety of PTCA in these patients in the near 
` future. 
< An intraaortic balloon pump was used in only 113 
-procedures (13%), indicating that almost all patients 
with LV dysfunction can be successfully treated with- 
-out support. Patients with the most severe ventricular 














_ever, may benzfit from supported PTCA. Our recent 
experience wit1 elective placement of intraaortic bal- 
- loon pumps before PTCA procedures, judged to be at 
extreme high risk for complications, suggests that this 
method is effective.2! An alternative PTCA support 
method receiving increasing attention is right atrial- 
> femoral cardiopulmonary bypass placed either percuta- 
_ neously or surgically.2? A large multicenter study of 
_ 105 patients treated with PTCA with cardiopulmonary 
bypass support included 35 patients with an ejection 
_ fraction <25% (23). Eight patients (8%) died during 
hospitalization. Vascular complications in both series 
were frequent due to the 18Fr to 20Fr cannulas re- 
- quired,??3 but appear to be decreasing.2? Cardiopul- 
-monary bypass support may provide greater circulatory 
-support than intraaortic balloon counterpulsation in the 
setting of acute vessel closure and cardiac arrest, per- 
_.. mitting more exhaustive attempts to reestablish coro- 
nary flow. 
- In our mos: recent 100 patients with moderate to 
severe LV dysfanction treated with PTCA, the predict- 
ed surgical operative mortality using the Coronary Ar- 
tery Surgery Study formula was considerably higher 
(10.3%) than the observed mortal risk with PTCA 
(3%). Furthermore, the predicted surgical risk in these 
“patients may uaderestimate their actual risk. Variables 
such as diffuse disease, distal disease, prior bypass sur- 
gery, and conccmitant disabling medical problems were 
-not factored irto the prediction but were present in 
-many of our patients. 
_ Natural history studies of patients with coronary ar- 
‘tery disease anc LV dysfunction treated medically have 
lemonstrated 4-year survival rates of approximately 35 
o 60). More favorable survival rates after coro- 
























~ to prolonged im‘lations,!92° and may enhance the pro- 


-dysfunction in association with critical anatomy, how- 
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artery bypass surgery in patients with $ severe LV 


years after bypass surgery i in 231 patients with.: an ejec- - 
tion fraction <35% compared with 61% in 420 patients _ 
treated medically.> Hochberg et alf observed a 3-year 
survival rate of 60% in 425 surgically treated patients 
with an ejection fraction between 20 and 39%, and only = -~ 
a 15% 3-year survival in 41 patients with an ejection = 
fraction <20%.° The l- and 4-year actuarial survival ~~ 
rates of 87 and 69% respectively, after hospital dis- 
charge are similar to those reported by Kohli,? Serota!? < 
and their co-workers. Although survival after PTCA 
appears to be similar to that after bypass surgery, with 

a 15% crossover rate to coronary surgery, final conclu- 
sions must await the results of randomized trials. 

This study has several important limitations. It is a 
nonrandomized series representing the results of a sin- 
gle group of experienced interventional cardiologists. <A. 
Most patients in this study had a calculated ejection 
fraction from contrast ventriculography, whereas the | 
others were entered into the study cohort on the basis of | 
visually estimated ventricular function corroborated by 
a detailed clinical review. The similarities in the 2 
groups suggests no selection bias, however. Criteria for 
patient selection for PTCA and balloon pump support 
were not established by protocol. However, the results 
do represent experiences with a broad spectrum of pa- 
tients not limited by multiple exclusion criteria. 
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>omparison of Exercise Radionuclide © 
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Although quantitation of exercise thallium tomo- 


grams has eshanced the noninvasive diagnosis 


-and localization of coronary artery disease, the 
-detection of stenosis of the left circumflex coro- 

: oS _ nary artery remains suboptimal. Because pos- 
____ terolateral regional wall motion during exercise 
-is well assessed by radionuclide angiography, 
this study determined whether regional dysfunc- 
tion of the pesterolateral wall during exercise ra- 
_. dionuclide angiography is more sensitive in iden- 


tifying left circumflex disease than thallium per- 
fusion abnormalities assessed by single-photon 
emission computed tomography (SPECT). One 
hundred ten consecutive patients with CAD were 
studied, of whom 70 had a significant stenosis of 


a the left circumflex coronary artery or a major 
~ -obtuse marginal branch. Both regional function 
and segmentai thallium activity of the posterolat- 


~ -eral wall were assessed using visual and quanti- 


tative analysis. Left ventricular regional function 


~ was assessed objectively by dividing the left ven- 
tricular region of interest into 20 sectors; the 8 
-~ sectors corresponding to the posterolateral free 
wall were used to assess function in the left cir- 
— — eumflex artery distribution. Similarly, using cir- 


cumferential profile analysis of short-axis thalli- 


S um tomograms, left ventricular myocardial activ- 


ity was subdiwided into 64 sectors; the 16 

~ — sectors corresponding to the posterolateral re- 
___. «gion were used to assess thallium perfusion ab- 
normalities ir the left circumflex artery territory. 


Qualitative posterolateral wall motion analysis 


detected 76% of patients with left circumflex 
| coronary artery stenosis, with a specificity of 
83%, compared with only 44% by qualitative 
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thallium tomography (p <0.001) and a specificity 
of 92%. Whereas quantitation of thallium activi- 
ty increased the sensitivity for detecting left cir- 
cumflex coronary artery stenosis to 80% with a 
specificity of 55%, it did not achieve statistical 
significance when compared with qualitative wall 
motion analysis. Similarly, quantitation of the 
posterolateral regional function did not improve 
the sensitivity for detecting left circumflex coro- 
nary artery stenosis (74%) when compared with 
qualitative regional function. 

A similar analysis applied to the interventricu- 


é 2 
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lar septum revealed a higher predictive accuracy _ 


for detecting left anterior descending coronary 
artery stenosis by qualitative thallium SPECT, 
with a sensitivity of 80% and a specificity of 
71%, compared with a sensitivity of 68% and a 
specificity of 57% by qualitative radionuclide an- 
giography. Quantitation of thallium activity in 
both septal and anterior regions provided no ad- 


ditional insight for detection of left anterior de- 


scending artery stenosis. 

Thus, for noninvasive detection of left circum- 
flex coronary artery disease, the data suggest 
that qualitative exercise radionuclide angiogra- 
phy is preferable to qualitative thallium SPECT 
and provides comparable information to quanti- 
tative thallium analysis. 

(Am J Cardiol 1991;68:320-328) 


identifying significant stenosis. in individual coro- 


S tress thallium tomography has proved useful in. 


nary arteries!~’ and thereby facilitating the eval- 
uation and outcome of therapeutic interventions. Al- 
though the overall sensitivity of single-photon emission 
computed tomography (SPECT) for detection of coro- 


nary artery disease (CAD) is similar to that reported. À 
for quantitative planar imaging,*89 Paes has meres 






















See r$ s, previous studies with thal- 
| lium SPECT have reported a visual sensitivity in the 
“range of only 42 to 63% and a quantitative sensitivity of 
: 63 to 74% in patients without prior myocardial infarc- 
~tion.3>.7 Because exercise radionuclide angiography in 
the left anterior oblique projection provides excellent vi- 
-sualization of the posterolateral wall motion, we hy- 


- function might identify disease in the left circumflex 

. vascular territory with a greater sensitivity than thalli- 

um SPECT imaging. We therefore performed exercise 

-thallium SPECT and exercise radionuclide angiogra- 

<" phy in a series of patients with CAD involving the leit 
circumflex coronary artery. 


~ METHODS 
Patient selection: We studied 70 patients with CAD 
- who had a significant stenosis in the left circumflex cor- 
onary artery or a major obtuse marginal branch. They 
represent a consecutive series of patients who were part 
of a larger series of 110 patients with CAD undergoing 
“history and physical examination, chest x-ray, electro- 
cardiography, coronary arteriography, exercise radionu- 
clide angiography and thallium scintigraphy. Patients 
with a history of prior bypass surgery in the left cir- 
cumflex coronary artery territory were excluded from 
the study in order to avoid the possibility of preserved 
flow in an area of prior lateral and posterior myocardial 
- infarction. CAD was defined as 2.50% reduction in lu- 
~ minal diameter of at least 1 major epicardial coronary 
artery as determined by coronary angiography. All car- 
diac medications were withdrawn before exercise stud- 
ies in 56% of patients. In the other 44% of patients, the 
severity of anginal symptoms precluded discontinuation 
of medical therapy. We studied only patients with 
<0 chronic stable CAD; no patient with recent acute myo- 
cardial infarction or unstable angina was included in 
_ the study. Ten patients had electrocardiographic evi- 
dence of prior myocardial infarction in the lateral and 
-= posterior leads (Q wave in leads I, AVL and V5-V6 or 
~~ tall R wave in leads Vj-V2, or both). Ten patients had 
undergone previous coronary artery bypass surgery. 








The patients (67 men and 3 women) ranged in age 


from 33 to 79 years (mean 58). 
- Gated blood pool cardiac scintigraphy: Radionu- 
c clide angiography was performed at rest and during 
- maximal supine bicycle exercise using red blood cells 
- labeled in vivo with 20 to 25 mCi of technetium-99m. 
: Imaging was accomplished using a conventional Anger 









-collimator oriented in a. modifi 
“position, as previously: descril ane 
A was derived by comp 


ir g significant left circum- cürvës. . The lower” li 


“po pothesized that evaluation of posterolateral regional 


camera equipped with a high-sensitivity | eke hole 















































fraction by our technique i is 45% with a a repr 
limit of +4%.!! ee 
Exercise studies were B E saath: use. of 
cle ergometer; exercise loads were increased by 
every 2 minutes until the development of angina, 
ing dyspnea or fatigue. Patients who developed 
continued exercise until angina reached at least 
verity that typically caused the patient to stop e 
Data acquired only in the final 2 to 3 minutes of ı 
mal exercise were selected for analysis. | 
"QUALITATIVE REGIONAL ANALYSIS: Qualitative reg 
analysis was performed by. 2 experienced investigat 
who were unaware of the results of coronary angiogra 
phy or thallium scintigraphy. Regional wall motio 
analysis was confined to the left anterior oblique view, 
where the left ventricle was divided into septal, apical, ; 
lateral and basal regions. The function of each region 
was classified visually to be either normal or abnormal. 
Deterioration in regional function from rest to exercise 
was considered to be related to ischemia. Because the _ 
blood supply to the apical region is variable, this analy- $ 
sis was confined to the posterolateral wall supplied by — 
the left circumflex coronary artery and the septal re- 
gion supplied by the left anterior descending coronary 
artery. The right coronary artery territory was not stud- 
ied because the exercise analysis was limited to the 
modified left anterior oblique projection, which pre- 
vents adequate assessment of inferior wall motion. 
QUANTITATIVE REGIONAL ANALYSIS: Sector analysis for _ 
assessing regional ejection fraction was performed by _ 
subdividing the left ventricular region of interest into 20 _ 
anular sectors, each emanating from the diastolic left 
ventricular center of gravity, as previously described 
and validated in our laboratory.'?-!> To facilitate com- 
parison of these data with the qualitative interpretation, 
the sectors were then grouped and averaged into 4 
myocardial regions. The 8 sectors corresponding to the _ 
posterolateral free wall (sectors 1 to 4, high lateral, and 
17 to 20, low lateral) weré used to assess function in the — 
left circumflex artery territory (Figure 1). Similarly, . 
the 8 sectors corresponding to the septal wall (sectors 7 
to 10, high septal and 11 to 14, low septal) were used to 
assess function in the left anterior descending artery — 
territory. 
To obtain a normal data base for analysis of these 
regional data, we also studied 46 age comparable nor- 
mal volunteers (mean age 54 years), who had no evi- 
dence of cardiovascular or pulmonary disease and 
whose physical examination, a and 







: hieved >85% of AA heart rate dir 
ing ‘exercise. at peak exercise, 2 mCi of thallium-201 
yas administered intravenously and the patient contin- 
ed exercise far an additional 45 to 60 seconds. After 
ermination of exercise, thallium images were obtained 
using a wide field-of-view rotating gamma camera 
equipped witha low-energy, medium-resolution, high- 















< Elscint Company, Boston) centered on the 68-KeV 
photo peak wi-h a 20% window. The camera was rotat- 
< ed over 180° in an elliptical orbit about the patient’s 
_. thorax from a 40° right anterior oblique to a 40° left 

_ posterior oblique position at 6-degree increments for 30 
— seconds each. From the raw scintigraphic data, short- 
axis, vertical long-axis and horizontal long-axis tomo- 
__.... grams were reconstructed as previously described,!!7 
and 4 consecative representative slices of each view 
—... were selected for interpretation. The reconstructed 
stress images were then analyzed both qualitatively and 
- quantitatively. 
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sensitivity, pazallel-hole collimator (Apex 415, APC-3, 









horari ad d long-axis tomographic oy 
slices per view). The stress images for each of the 10 
patients were graded by 2 experienced observers í ona 5- 
point scale, from 0 = markedly reduced/absent activi- 
ty to 2 = definitely reduced and 4 = normal. The grade 
assigned to a region was the lowest regional score from 
all tomographic slices and views. E 
QUANTITATIVE THALLIUM ANALYSIS: The thallium im- 
ages were also analyzed using a semiautomatic quanti- 
tative circumferential profile analysis applied to the 
short-axis thallium tomograms as previously de- 
scribed.!®1” Briefly, for each patient, an operator-de- 











_ fined region of interest was drawn around the left ven- 


tricular activity of each short-axis slice on the stress 
images. Myocardial activity was subdivided into 64 sec- 4 
tors, each emanating from the center of the tomo- >; 
grams. All 64 sectors were of equal arc and constructed 
beginning at 3 o'clock (midlateral wall) and proceeding ~~ 
counterclockwise. To facilitate comparison of these - 
data with the qualitative interpretations, the sectors 
were then grouped and averaged into 4 myocardial re- 
gions. The 16 sectors corresponding to the posterolater- 

al wall (sectors 1 to 8, high lateral; 57 to 64, low later- 
al) were used to assess thallium perfusion abnormalities 

in the left circumflex vascular territory. Similarly, the 

16 sectors corresponding to the septal wall (sectors 24 
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FIGURE 1. Regional left ventric- 
ular analysis was performed by 
subdividing the fixed left ventric- 
£ ular region of interest (panei A) 
= 20 — Rest into 20 anular sectors from 
p= B. -- Exercise which sector time-activity curves 
© Oien ada ea iota were constructed to compute the _ 
ki 2 4 6 8 101214161820 sector ejection fraction. For the _ 
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to 32, high septal; 32 to 40, low septal) were used to 
assess thallium perfusion abnormalities in the left ante- 
rior descending artery territory (Figure 2). 

These data were then compared with a normal data 
base obtained from 50 normal volunteers (26 men and 
24 women) who had no evidence of cardiovascular or 
pulmonary disease and whose physical examinations, 
electrocardiograms and echocardiograms were nor- 
mal.!6 The posterolateral and septal regions were con- 
sidered abnormal in a patient with CAD if the thallium 
activity on the stress image was >2 standard deviations 
below the mean observed in the same region for the 
normal volunteers of the same sex. 

Coronary arteriography: Cardiac catheterization 
was performed by the percutaneous femoral technique. 
Coronary artery stenosis and graft patency were as- 
sessed by an experienced cardiologist without knowl- 
edge of exercise thallium or radionuclide angiography 
results. Because the coronary vascular supply in the 
posterolateral region might be variable, the reviewer 
was specifically asked to identify the major vessel sup- 
plying the posterolateral free wall. As assessed by the 
reviewer’s written interpretation of the coronary angio- 
grams, the posterolateral wall was supplied by the left 
circumflex artery or obtuse marginal branches in all 
patients enrolled in the study. In 5 patients in whom the 
coronary angiograms were not available for review, this 
information was obtained from the official catheteriza- 
tion report available in their files. Of the 70 patients 
with left circumflex stenosis, 9 had significant narrow- 
ing of only the left circumflex artery or its branches, 17 
had narrowing of 1 other coronary artery and 44 had 3- 
vessel CAD. In patients with bypass grafts, a vessel was 
considered patent if there was no significant narrowing 
within the graft or in the native coronary artery distal 
to the graft anastomosis. 

Statistical analysis: Data are presented as mean 
+ standard deviation. Regional ejection fraction data 
and relative regional thallium activity from normal vol- 
unteers were analyzed to derive normal confidence lim- 


FIGURE 2. Sector analysis for assessing 

regional myocardial thallium activity. A 
short-axis thallium-201 tomogram ob- 

tained after exercise is shown for a patient 
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example, thallium perfusion defects are di 


its. Differences between qualitative and quantitative as- 
sessment of segmental thallium activity and regional 
function were performed by chi-square analysis. Differ- 
ences between exercise duration and rate-pressure prod- 
uct in patients with and without detectable thallium 
perfusion or regional wall motion abnormalities were 
performed by the unpaired ż¢ test. Differences between 
patients with and without thallium perfusion abnormal- 
ities achieving >85% predicted maximal heart rate 
were performed by chi-square analysis. 


RESULTS 

Detection of left circumflex coronary artery ste- 
nosis: RADIONUCLIDE ANGIOGRAPHIC DATA: LV ejection 
fraction in the 70 patients ranged from 15 to 80% 
(mean 44+ 15) at rest and from 9 to 75% (mean 
39 + 15) during exercise. Ejection fraction either de- 
creased or did not change from the value at rest in 61 
(87%) patients. By visual analysis, exercise-induced 
posterolateral wall motion abnormalities developed in 
53 of the 70 patients (76%), of whom 17 (24%) also 
had posterolateral wall motion abnormalities at rest. 
The other 17 patients had normal posterolateral wall 
motion both at rest and during exercise. When the 2 
patient groups with and without detectable posterolat- 
eral wall motion abnormalities by qualitative analysis 
were compared, the rate-pressure product achieved dur- 
ing exercise was higher in those with than without pos- 
terolateral wall motion abnormalities (18.6 + 4.0 [107] 
vs 17.5+5.0 [10%], p <0.01) despite slightly shorter 
exercise duration (4.7+1.7 vs 5.0+2.0 minutes, 
p <0.01). 

The quantitative data regarding regional ejection 
fraction derived from sector analysis are displayed in 
Figure 3 for a patient with 1-vessel left circumflex 
CAD. Regional ejection fraction during exercise was 
abnormal in either the high or low lateral wall in 52 of 
the 70 patients (74%). When all 8 sectors representing 
the posterolateral free wall were assessed collectively, 
the mean regional ejection fraction during exercise was 
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63 + 18% ir the patients with CAD compared with 
90 + 8% in the normal volunteers. Quantitative analy- 
sis detected £ of 8 (62%) patients with 1-vessel left cir- 
cumflex corcmary artery stenosis, and 47 of 62 (76%) 
patients with = 2-vessel disease. In 60 patients without 
Q waves invelving the lateral leads, the sensitivity for 
detecting left circumflex CAD using exercise radionu- 
clide angiography was 73% by qualitative and 73% by 
quantitative analyses. Similarly, exercise radionuclide 
angiography detected posterolateral wall motion abnor- 
malities in 8 of 10 patients (80%) with prior myocardial 
infarction in the left circumflex artery territory, by both 
qualitative ard quantitative analysis. 

This quantitative method was also applied to the 53 
regions identified to have posterolateral abnormal wall 
motion by qualitative analysis. Regional sector analysis 
confirmed 42 of 53 regions (79%) to be abnormal, with 
a mean regicaal ejection fraction of 61 + 18% in all 
lateral sectors collectively. Furthermore, of the 17 re- 
gions that were considered normal by visual analysis, 
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quantitative regional analysis identified 10 (59%) to be 
abnormal, with a mean regional ejection fraction of 
65 + 19%. Thus, 52 of 70 patients (74%) with signifi- 
cant left circumflex CAD demonstrated abnormal re- 
gional function by quantitative analysis (Figure 4). 
THALLIUM TOMOGRAPHIC DATA: Among the 70 pa- 
tients with significant stenosis in the left circumflex cor- 
onary artery, 31 (44%) developed visually apparent ex- 
ercise-induced thallium perfusion defects in the postero- 
lateral wall, whereas the remaining 39 patients had 
apparently normal thallium activity in this region. Of 
the 31 posterolateral regions identified to have abnor- 
mal thallium activity by qualitative analysis, 29 (94%) 
were confirmed to be abnormal by quantitative analy- 
sis. Furthermore, of the 39 regions that were perceived 
to be normal by qualitative analysis, thallium quantita- 
tion identified 27 (69%) to be abnormal. Thus, 56 of 
the 70 patients (80%) with significant left circumflex 
CAD demonstrated abnormal posterolateral thallium 
activity by quantitative analysis, and the remaining 14 
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normal thallium: activity (Figure 4). When the 2 
nt groups, with and without detectable thallium 
rfusion abnormalities by quantitative analysis, were 
“compared, the percentage of patients achieving >85% 
-predicted maximal heart rate was the same (48 vs 53%, 
‘respectively, p = not significant), and the rate-pressure 
roduct was lower in those with than without postero- 
ateral perfusion defects (19.6 + 6.0 [107] vs 22.5 + 6.6 
103}, p <0.01). As such, quantitative thallium SPECT 
ailed to identify 20% of patients with significant left 
ircumflex stenosis, ces these higher rate-pressure 
The quantitative data regarding regional thallium 
a aariy. derived from circumferential profile analysis 
-are displayed in Figure 2 for a patient with left circum- 
flex CAD. In this patient, thallium activity in the myo- 
i + cardial sectors in the posterolateral region were abnor- 
J mal during exercise (i.¢., below the normal range). 
- Thallium quantitation detected 7 of 9 patients (78%) 
-with 1-vessel left circumflex artery stenosis, and 49 of 
61 patients (80%) with 22-vessel disease. In 60 pa- 
- tients without electrocardiographic evidence of Q waves 
-= in the lateral leads, the sensitivity for detecting left cir- 
<2 cumflex CAD using thallium SPECT was 40% by 
qualitative and 81% by quantitative analyses. Similarly, 
in 10 patients with electrocardiographic evidence for 
prior myocardial infarction in the lateral leads, quanti- 
tative. thallium SPECT detected perfusion abnormali- 
ties in 8 patients (80%). 
COMPARISON OF PERFUSION AND FUNCTIONAL DATA: 
There was concordance between qualitative thallium 
perfusion and posterolateral wall motion in 34 regions 
(49%). Of the remaining 36 discordant regions, 29 
(81%) had normal thallium perfusion but abnormal 
» wall motion and only 7 regions with normal wall mo- 
. _ tion had abnormal thallium activity. Similarly, there 
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and regional ejection frac ion in 49 region 
the remaining 21 di scordant regions, g (43%) « de 
strated normal thallium activity but abnormal regio 
ejection fraction, and 12 regions (57%) had normal 
gional function but reduced thallium activity. The 
sults of detecting left circumflex stenosis by exercise 
dionuclide angiography or thallium SPECT did not 
fer between patients who were studied with and wi 
antianginal- medications. E 
When the exercise radionuclide anpiographic 
stress thallium scintigraphic data were analyzed 
combination, 59 of the 70 patients (84%) had evide 
of impaired function or perfusion i in the left circumflex 
coronary artery territory using qualitative analysis, and 
64 (91%) had evidence of left circumflex disease using 
quantitative analysis. The combined analysis of qualita- 
tive thallium perfusion and regional function did not- 
significantly improve the sensitivity for detecting left 
circumflex coronary artery stenosis when compared 
with qualitative regional function alone {84 vs 76%, re- 
spectively). However, the combined analysis of quanti-  — 
tative data from both: the thallium and radionuclide an- 
giographic studies improved the diagnosis of left cir- 
cumflex stenosis beyond the results of qualitative 
exercise radionuclide angiography alone (91 vs 76%, re- 
spectively, p <0.05). | 
SPECIFICITY OF PERFUSION AND FUNCTIONAL DATA: — 
Among the 40 patients with CAD in the absence of __ 
significant left circumflex stenosis, 37 (92%) had visu- 
ally normal thallium activity in the posterolateral wall, 
whereas the remaining 3 had apparently abnormal 
thallium activity in this region. When quantitative anal- 
ysis was performed, all 3 regions that were perceived to 
be abnormal by qualitative analysis were confirmed to 
be abnormal by quantitation. However, of the 37 re- 
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of a. Se was a 55%, 
_.. When posterolateral wall motion abnormalities were 
assessed by ~isual analysis, 8 of the 40 patients devel- 
OF ed apparext exercise-induced hypokinesia and 32 
80%) had rormal posterolateral wall motion both at 
1 durmg exercise. Quantitative functional analy- 
irmec all 8 regions to be abnormal. However, of 
regiors that were identified to have normal thal- 
activity by qualitative analysis, quantitation identi- 
-fied 5 (16%* 40 be abnormal. Thus, the specificity for 
-detecting a significant left circumflex CAD using quan- 
titative functional analysis was 66%. 
A pete mof left anterior descending coronary ar- 
phe tery stenosis: When qualitative septal regional wall 
-motion abnormalities were assessed in the modified left 
anterior oblicue view (providing best septal separation), 
the sensitivitr for detecting left anterior descending ar- 
tery stenosis was 68% and the specificity was 57%. 
Quantitative segional ejection fraction did not improve 
either the sersitivity (74%) or the specificity (50%) for 
detecting lef anterior coronary artery stenosis when 
compared wich visual analysis. 
When qualitative regional thallium activity was as- 
sessed in the septal region alone, the sensitivity (69%) 
_ and the specfcity (71%) for detecting significant left 
= anterior descending coronary artery stenosis was similar 
=== to that obtaimed by exercise radionuclide angiography. 
-= However, when qualitative regional thallium activity 
“was assessed in both septal and anterior myocardial re- 
gions (which can be assessed by thallium SPECT but 
not by exercise radionuclide angiography), the sensitiv- 
ity for detectmg significant left anterior descending cor- 
onary artery stenosis increased to 80%, with a specific- 
© ity of 71%. Quantitation of thallium activity in both 
-= septal and anterior regions provided no additional in- 
< sight for dete=ting left anterior descending coronary ar- 
< tery stenosis, with a sensitivity of 80% and a specificity 
-of 60%. 












: DISCUSSION 

The results of the present investigation, involving a 
< consecutive series of patients with CAD, indicate that 
< the sensitivity of qualitative thallium tomography for 
-detecting left circumflex coronary artery stenosis is low 
(only 44%), but that this increased significantly to 
80% by quantitative analysis of the thallium data 
( p<000! 3 ‘hese latter results a are e similar to the sensi- 





tion analysis of the radionuclide angiographic 










tected 76% of patients with left circumflex coro 
artery stenosis, significantly higher than. qualitat 
thallium tomography (p <0.001) and comparable to 
quantitative thallium analysis. Quantitative functional 
analysis applied to the posterolateral regions judged to 
be abnormal by qualitative analysis confirmed these re- > 
gions to be abnormal. 

Although an abnormal ejection fraction response 
with exercise or regional wall motion abnormality cor- 
relates with significant CAD!*-2! and provides impor- 
tant prognostic information,?2-*4 its application for de- — 
tecting individual coronary artery stenosis has been lim- = 
ited. In 1981, Elkayam et al, comparing qualitative - 
planar thallium images with exercise radionuclide an- 
giograms, reported that visually apparent abnormalities _ 
of regional wall motion were more sensitive than thalli- 
um perfusion for detecting left anterior descending 
CAD (80 vs 55%) and left circumflex disease (58 vs 
40%), although the latter did not achieve statistical sig- 
nificance. However, no data are available that compare 
quantitative stress thallium SPECT with quantitative 
exercise radionuclide angiography for detecting left cir- 
cumflex coronary artery stenosis. 

There are several factors that may explain the im- 
proved sensitivity of qualitative exercise radionuclide > 
angiography over thallium tomography. As thallium = 
activity in the posterolateral region is only slightly at- 
tenuated relative to the inferior and septal regions, the 
posterolateral wall has the highest thallium counts in 
tomographic images of the normal left ventricle. Thus, 
it is often difficult to detect subtle thallium perfusion 
abnormalities visually within the posterolateral region, 
because thallium activity may remain greater than or 
similar to thallium activity in other vascular territories, `- 
This would especially be the case in patients with mul- 
tivessel disease, in whom equivalent reduction in perfu- 
sion in several regions would still result in greater thalli- 
um activity in the posterolateral territory. Although 
quantitation of thallium tomograms improves the sensi- 
tivity of detecting left circumflex CAD, since the mean 
counts per pixel at peak exercise within the posterolat- | 
eral region is compared with the normal data base inde- - 
pendent of other regions, the sensitivity derived from. 
quantitative programs remains suboptimal. This may 
be explained by the normalization processes. Objective p 
analysis of thallium tomograms relies on normalized co 
data, in which the region with greatest thallium activity - - | 
is set to 100% and other regions are analyzed relative to = 
this reference standard. As thallium activity is usually 
e in 1 the Pa wall, ‘in most. circumstances 































ecomes the “normal” reference standard. Thus, the 
same factors that limit the sensitivity for detecting left 
circumflex disease using visual analysis may also reduce 
the sensitivity of objective programs as well. In con- 
— trast, wall motion of the posterolateral region is well 
_ visualized by radionuclide angiography performed in 
the best septal left anterior oblique view. Quantitative 
ssessment of regional posterolateral function using sec- 
or analysis confirms and may further improve the 
dentification of focal and mild posterolateral wall mo- 
jon abnormalities not pals appreciated by visual 
nalysis. 
In clinical practice, exercise cardiac studies using a 
| one tracer are usually performed for 1 of 2 
_ purposes. The first is to determine whether a significant 
- coronary artery stenosis is present. The second is to de- 
l ay termine the extent of the myocardial territory supplied 
J " by a coronary artery with.a proved stenosis and the 
< prognostic implications thereof. Determining which cor- 
< onary artery is stenosed is usually not an issue on the 
initial evaluation of patients being screened for presence 
of CAD. Thus, for the initial detection of CAD, both 
exercise thallium SPECT and exercise radionuclide an- 
s giography provide comparable information. The issue 
-of which individual coronary artery is involved becomes 
relevant when the physiologic significance of a specific 
coronary artery stenosis is in question in a patient who 
- has already undergone coronary arteriography. This is 
-a very common clinical situation. This determination is 
= quite important, for subsequent clinical decisions re- 
-garding revascularization may depend on the results of 
the specific noninvasive test performed. In these clinical 
situations, if the coronary artery stenosis in question is 
_ the left circumflex coronary artery, our results suggest 
» that for nuclear cardiology laboratories interpreting 
thallium images using purely qualitative approaches, 
-qualitative exercise radionuclide angiography is prefera- 
-ble to qualitative thallium SPECT and is comparable to 
< quantitative thallium SPECT. However, because the 
acquisition of exercise radionuclide data in the modified 
- left anterior oblique view precludes regional assessment 
-. for right coronary artery stenosis, and limits the assess- 
ment of the left anterior descending coronary artery 
oS _ solely to the septum, we do not advocate using exercise 
_ radionuclide angiography instead of thallium tomogra- 
i Shy for detecting right and left anterior descending cor- 
onary artery stenoses. 
- Although the specificity of quantitative thallium 
SPECT for detecting left circumflex stenosis may ap- 
pear t to be fee in our a a o with the 






























ec aa individual coronary artery stenoses 

























































nong 

patient population studied “quantitation program- ‘used 
and the standard deviation chosen from the mean : 
normal volunteers. 5 

It is well documented that other disease processes 
such as valvular heart disease or cardiomyopathie : 
may cause abnormal LV function with exercise, bo 
regionally and globally. Since the patients in the cu 
rent study represent those with pure CAD, the r 
may not pertain to detecting ischemia in the | 
cumflex territory in patients known or suspes 
have other associated diseases. In such situation 
cise thallium SPECT is superior diagnostically to 
cise radionuclide angiography. 

Thus, in patients without concomitant noncorona 
disease, our results suggest that exercise radionuclide z 
angiography may be used instead of thallium tomogra- 
phy for the serial evaluation of patients with significant 
left circumflex CAD. This can be accomplished using _ 
qualitative analysis and does not require a quantitative _ 
method. Because many (if not most) nuclear cardiology 
laboratories interpret thallium images using purely 
qualitative approaches, these data indicate that exercise 
radionuclide angiography may be preferable to qualita- 
tive thallium tomography for the noninvasive evaluation - 
of left circumflex coronary artery stenosis. However, 
when thallium. images are interpreted using quantita- 
tion programs, both techniques are quite comparable 
for identifying left circumflex coronary artery stenosis. 
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"Exercise Treadmill Testing in Coronary __ 


Artery Disease 


Robert A. Kloner, MD, PhD, John Allen, MD, Timothy A. Cox, 
Yuechun Zheng, MD, and Carlos E. Ruiz, MD | 





a Myocardial stunning (postischemic ventricular. 
_. dysfunction) occurs in dogs after coronary steno- 
sis following treadmill exercise. Less data are 
_. available in humans regarding development of 
_. stunned myocardium after exercise. Regional 
| wall motion changes were evaluated in 22 pa- 
tients with known coronary artery disease using 
_ 2-dimensional echocardiography and exercise 
treadmill testing. Wall motion was scored as 

eo normal, 2 = hypokinetic, 3 = akinetic, 

: 4 = dyskinetic. At least 1 left ventricular seg- 

-< ment with normal resting function developed an 

-increase in wall motion score at 15 or 30 min- 

_ utes compared with values at rest. The wall mo- 
tion score in the midportion of the ventricular 
septum increased from 1.0 at rest to 1.6 
(p. <0.004) at 30 minutes after exercise; the bas- 

_ al inferior wall score worsened from 1.0 at rest 

to 1.9 (p <0.01) at 30 minutes after exercise. 

-Coronary angiographic data in these patients re- 

vealed that left anterior descending narrowing 
correlated best with left ventricular septal wall 
~ motion abnormalities, whereas right coronary 
"artery and circumflex narrowing best correlated 
` -with inferior and posterior wall motion abnor- 
malities. Eight normal adult volunteers with no 
history of myocardial ischemia also underwent 
2-dimensional echocardiography and exercise 
testing. No wall motion abnormalities were ob- 
-served at any time after exercise. The present 

- study suggests that in patients with coronary ar- 

< tery disease, exercise treadmill testing may in- 

-duce regional wall motion abnormalities of the 
-o left ventricle that persist >30 minutes after ex- 
- ercise, an observation consistent with the phe- 
-nomenon of stunned myocardium. 

o (Am J Cardiol 1991;68:329-334) 
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: - yocardial stunning refers to postisci.emic l 
M ventricular dysfunction. t? This phenomenon 


has been observed in experimental animal 

models of brief complete coronary artery occlusion fol- 
lowed by reperfusion.? There is now evidence that a __ 
similar phenomenon occurs in animals* when myocar- ` 
dial ischemia is induced by increasing demand in the _ 
setting of a partial coronary stenosis. Little information _ 
is available on whether this same phenomenon occurs in __ 
patients who undergo exercise stress testing. oe 

Robertson et alô used 2-dimensional echocardiogra- 
phy to examine wall motion abnormalities during and __ 
30 minutes after exercise testing. In 4 of 8 patients with 
significant 2-vessel coronary artery narrowing and in 2 
of 2 patients with 3-vessel coronary narrowing, persis- 
tent regional wall motion abnormalities were observed 
at 30 minutes. Our study seeks to determine whether 
persistent wall motion abnormalities occur in a group of 
patients with known coronary artery disease after exer- E 
cise treadmill testing and to semiquantitate and further 
characterize this phenomenon. se 


METHODS 

We studied 22 patients who were referred for exer- 
cise treadmill testing as a part of evaluation for either 
known or suspected coronary artery disease. All 22 pa- 
tients studied had angiograms recorded either before or 
after the exercise test, confirming the presence of coro- 
nary artery disease. Patients performed either a stan- 
dard or modified low level. Bruce protocol exercise test. 
Two-dimensional echocardiograms were obtained be- 
fore, immediately after, and 15 or 30 minutes, or both, 
after exercise, to assess regional wall motion abnormali- 
ties. 

Four views of the heart (parasternal long and short 
axis, and apical 4- and 2-chamber views) were attempt- 
ed at each time point. Regional wall motion abnormali- 
ties of the left ventricle were graded by 2 observers (by -> 
consensus) at each time point. The 16 walls of the left 
ventricle that were graded are shown in Figure 1. zj 
semiquantitative scoring system was w to grade 



























patients PREE a monon abnormality es) dannë 
- 22 of the tme periods, confirming that coronary artery 
a disease was associated with physiologic abnormality. 
pi Agreemant by the readers on multiple readings of 
© the same zchocardiograms read months apart was 
-= good. In a series of 12 patients, mean wall motion score 
Mee was 1.34 om the first and 1.36 on a later reading. 

= a Analysis of 2-dimensional echocardiogram was per- 


faced to a © STI Freeland cineviewer. Direct acquisition 
recording was used to reduce image degradation. Im- 
< ages were cequired with an audio trigger interfaced to 
_ the electrocardiogram. The images were displayed in a 
-quad-screer format of parasternal long and short axis, 
and apical + and 2-chamber views. Continuous systolic 
loops were displayed. 
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APICAL FOUR-CHAMBER VIEW 


formed usirg an ACUSON 128 channel system inter- 


disease group (19 men and 3 women) ranged from 44 : : 
to 86 years (mean 63). Seventeen of the 22 patients — 






mal at rest showed wall motion abnionratit Si 
30 minutes, or both, after exercise compared with 
resting values, 

Eight normal adults with no history of « coronary al 
tery disease (angina, myocardial infarction) also were 
studied in this manner as controls. The Wilcoxon rank 
test was used to compare 2-dimensional echocardio- .. 
graphic scores immediately after, and at 15 and 30 — 
minutes after exercise versus rest. | a 
































RESULTS | z Be Phe 
Patient group: ‘Patient - age in the coronary a, 


had a history of angina pectoris; 15 had a previous <. 
myocardial infarction that healed. Four of the 22 pa- 
tients were receiving 8 blockades, 5 were receiving 
long-acting nitrates and 6 were receiving calcium an- 
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= *Numbérs represent a stenosis on angiography. 
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--+Last.3.colurnns show whether patient had an increase in wall motion score: + = present; — = absent compared with 1 (normal) value at rest in at least 1 wall of the teft ventricle: F 


“Wall motion abnormality was determined by echocardiography. 
CABG = coronary artery bypass grafting; LAD = left anterior descending artery; LC = 


- ` tagonists. Thirteen patients had previous coronary angi- 
_ oplasty (n = 3) or coronary bypass surgery (n = 10); 3 
patients had these procedures: after the exercise test. 
ST-segment depression diagnostic of ischemia occurred 


- <in 10 of 22 patients during exercise. Eight patients 
~~ stopped exercising because of chest pain, 8 stopped be- 


cause of dyspnea, and 16 patients complained of leg 
- fatigue. All patients exercised to a symptom limited end 
point. At peak exercise, mean heart rate + standard de- 


" viation was 128 + 23 beats/min, and mean systolic and 


| — blood oe were 167 + 32 and 78 + 12 


~ Patient age in the normal Volunteer group (all men) 


Pe rang ed from 41 to 65 years. No patient developed chest 


‘pain. Patients stopped because of fatigue. At peak exer- 
cise, mean heart rate was 174 + 23 beats/min, and 
‘mean systolic and diastolic blood pressures were 
188 + 16 and 87 +4 mm Hg, respectively. 

o Echocardiographic results in patients with coronary 
‘artery disease: Three patients did not have 15-minute 
but did have 30-minute postexercise recordings. One 
: patient had a 15-minute but not a 30-minute postexer- 
cise reading. All other patients had both 15- and 30- 
nute aAa recordin gs 


left circumflex artery; LM = 
available; PTCA = percutaneous transluminal coronary angioplasty; R = right coronary artery. 


teft main coronary artery; Mi = myocardial infarction; NA = not a 


walls of the left ventricle showed significant increases in 


score from normal rest values to immediately after ex- 


ercise. The midinferior wall increased its score from 1.0 
to 1.4 (p:<0,02), the midportion of the ventricular sep- 
tum from 1.0 to 1.4 (p <0.02), and the basal inferior © 
wall from 1.0 to 2.0.(p <0.01). E 
Eighteen of 19 patients (95%) who had left ventric- 


ular segments with normal function at rest and echo- 


cardiograms available at 15 minutes developed an in- 


crease in wall motion score at 15 minutes compared 


with rest values in at least 1 wall (Table 1). Wall mo- 
tion score deteriorated significantly between rest and 15 
minutes in 5 of 16 of these walls. The midanterior sep- 
tum increased. from a score of 1.0 at rest to 1.5 at 15 


| minutes | (p <0. 01), as did. the midportion of the ven- ' 


tricular septum (from 1.0 to 1.6, p <0.01), midanterior - 
wall (from 1.0 to 1.3, p <0.04), basal inferior wall 
(from 1.0 to 2.0, p <0.03) and midportion of the inferi- . 
or wall (from 1.0 to 1.6, p <0.01). 

Nineteen of 21 patients (90%) who had left ventric- 
ular segments with normal function at rest and echo 
cardiograms available at 30 minutes developed an in 
crease in wall motion score at 30 minutes in at least 
wall compared with rest values (Table I, Figure £ 
i> increases in 1 these scores occurred 





wall (from — 0 to 1.7, p <0.001), midportion of the sep- 
tum (from LO to 1.6, p <0.004), apical septum (from 
1.0 to 1.5, p <0.03), apical-lateral (from 1.0 to 1.4, 
p <0.03), and basal-inferior walls (from 1.0 to 1.9, 
p <0.01). 

Left vertricular segments that were abnormal at 
rest (score ef >22) generally remained the same or 
worsened slaghtly at 15 to 30 minutes after exercise. 

Echocardiographic data in normal volunteers: Al! 8 
patients in the normal volunteer group demonstrated 
normal left ventricular wall motion at rest, immediately 
after exercise, and at 15 and 30 minutes after exercise. 
Thus, no wall motion abnormalities were observed at 
any time in these patients. 

Coronary angiographic data: Coronary angiograph- 
ic data in tke patients referred for coronary artery dis- 
ease are listed in Table I. Narrowing 250% was ob- 
served in a single epicardial coronary artery (either 
right, left main, left anterior descending or circumflex) 
in 5 patients, in 2 vessels in 6 patients, and >3 vessels 
in 11 patients. 

Seventeen of 20 patients (85%) with left anterior 
descending disease had a wall motion abnormality in 
the ventricu_ar septal wall at 30 minutes. Nineteen of 
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FIGURE 2. Apical 2-chamber views of a patient with 3-vessel 
coronary artery disease at rest (top row), and 15 (middie 
row) and 30 (Sottom row) minutes after exercise . Photo- 
again pears: Oa atola ree aE ack rabela; 


than at rest (compare lower right with upper right figures). 
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20 patients (95%) with left anterior descending disease 
had a wall motion abnormality in the septum at either 
15 or 30 minutes. Eighteen of 20 patients with left an- 
terior descending disease (90%) had an increase in sep- 
tal wall motion score at 15 or 30 minutes compared 
with rest values, 

Wall motion abnormalities in other ventricular walls 
besides the septum did not correlate as well with left 
anterior descending disease. For example, only 13 of 20 
patients (65%) with left anterior descending disease 
had a wall motion abnormality present in the anterior 
wall at 15 or 30 minutes, and 9 of 20 (45%) had an 
increase in anterior wall motion score at 15 or 30 min- 
utes. Sixteen of 20 patients (80%) with left anterior 
descending disease had a wall motion abnormality in 
the apex at 15 or 30 minutes. Ten of 20 (50%) had an 
increase in apical wall score at 15 or 30 minutes com- 
pared with rest scores. 

Conversely, only 2 of 22 patients (9%) with septal 
wall motion abnormality had no left anterior descend- 
ing disease, 0 of 16 patients with anterior wall motion 
abnormalities had no left anterior descending disease, 
and | of 17 patients (6%) with apical wall motion ab- 
normality had no left anterior descending disease. 

Disease in the right coronary and circumflex arteries 
correlated best with wall motion abnormalities in the 
inferior or posterior LV walls, or both. For example, 15 
of 15 patients (100%) with right coronary artery dis- 
ease had a wall motion abnormality in the inferior or 
posterior left ventricular walls at 15 or 30 minutes after 
exercise. Fourteen of 15 (93%) with right coronary ar- 
tery disease had worsened wall motion in the inferior or 
posterior walls, or both, at 15 or 30 minutes compared 
with rest scores. Similarly, 14 of 14 patients (100%) 
with circumflex artery disease had a wall motion ab- 
normality at 15 or 30 minutes in the inferior or posteri- 
or walls, or both. Thirteen of 14 patients (93%) with 
circumflex disease had worsening of inferior or posteri- 
or wall function at 15 or 30 minutes compared with rest 
scores. Ten of 14 patients (71%) with circumflex dis- 
ease had a lateral wall motion abnormality at 15 or 30 
minutes, and only 2 of these patients had worsened left 
ventricular function in the lateral wall at 15 or 30 min- 
utes. 

Conversely, only 3 of 20 patients (15%) with inferi- 
or or posterior wall motion abnormalities, or both, did 
not have disease of the right coronary or circumflex 
artery. Four of 14 patients (29%) with lateral wall mo- 
tion abnormalities did not have disease of the circum- 
flex artery. 


DISCUSSION 
Exercise stress testing in patients with coronary ar- 
tery disease was associated with regional wall motion 
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“malities are usually resolved. These findings may repre- 
-sent a form of stunned myocardium and may be analo- 
gous to the experimental work of Homans et al* in 
“which dogs with partial stenoses, placed on a treadmill, 
- developed prolonged wall motion abnormalities after 
_ exercise. Ischemia induced by a partially stenosed coro- 
„nary vessel and exercise may be sufficient to induce 
stunned myocardium; a total coronary artery occlusion 
may not be needed. 















~ malities on 2-dimensional echocardiography are readily 
_ visible, and the technique used in association with exer- 
.. cise testing allows detection of ischemic myocardium. 
Two-dimensional echocardiography allows visualization 
of the entire thickness of the left ventricular wall and 
< thus allows wall thickening to be examined. However, 
-radionuclide ventriculographic studies only examine a 
- blood pool image. Thus, only the movement of the en- 
docardium is visualized and extent of wall thickening 
cannot be appreciated by this nuclear technique. This 
fact helps to explain why, in a previous study using ra- 
< dionuclear ventriculography, prolonged wall motion ab- 
< normalities were not observed after termination of exer- 
cise.” Positron emission tomographic studies have sug- 
gested that patients with coronary artery disease who 
-° undergo exercise stress testing may demonstrate pro- 
- Jonged alterations of metabolism. For example, fluoro- 
-+ deoxyglucose uptake may be increased in previously 
ischemic segments of the myocardium for at least | 
-hour after exercise.® 
» There are several lines of evidence suggesting that 
~~ stunned myocardium can occur in humans after throm- 
¿= cbolytic therapy for acute myocardial infarction.!?.!° 
-= There has been less evidence for stunned myocardium 
in humans when the episodes of ischemia are brief. A 
study by Wijns et al!! showed that a form of stunned 
>. myocardium characterized by reduced ventricular com- 
_ pliance occurs after brief coronary artery occlusions in 
humans induced by angioplasty. Our study corrobo- 
rates and extends the work of Robertson et al,° suggest- 
-> ing that persistent regional wall motion abnormalities 
“occur often after relatively brief episodes of exercise- 
_ induced ischemia in patients with coronary artery dis- 
-= ease. Two-dimensional echocardiography is capable of 
detecting these zones of persistent left ventricular dys- 
function, and involvement of several walls of the left 
1 lar i is 5 not | uncommon. ‘The. eae of pa- 











ne when chest pain and electrocardiographic abnor- l may alter the sensitivity anc spe 


_ Two-dimensional echocardiography is is an important f 
- technique for evaluating and diagnosing coronary ar-- 


Pe tery disease.* Regional ventricular wall motion abnor- motion abnormalities is not known. In an ongoin; 









: nocairdiographic imaging afte xe ise 










test, but this concept will require . further: inv 
Our study was not designed to primarily test sen 
and specificity of late echocardiographic 1 imaging 
cially since patients referred with coronary artery 
ease were a select group, i.e., the diagnosis was alr 
known in many of the patients, and the degree anc 
tent of narrowing were severe in many cases. Whe 
late imaging after exercise testing will be useful 
show stunning in a broader patient population with 
onary artery disease needs to be determined. The le 
of time required for resolution of exercise-induced 



















































study, we have observed persistent wall motion abnor 
malities in some patients for up to 45 minutes afte 
exercise. 

The reason that some patients exhibited worsen 
wall motion abnormality at 15 or 30 minutes compared : 
with immediately after exercise is not clear. It is possi- : 
ble that at the very end of exercise, increased sympa- 
thetic output may mask regional wall motion abnor- . L 
malities. Once the patient is at rest and there is. less 
sympathetic tone the wall motion abnormalities may 8 
then emerge. x 

Recent studies suggest that epicardial coronary ar- . 
tery disease need not be present for stunned myocardi- 
um to develop. Experimentally hypertrophied ventricles ce 
without epicardial narrowing can develop prolonged 
dysfunction after exercise, presumably due to a relative ae 
imbalance between oxygen supply and demand at a mi- 
crovascular level.!2, We have now observed dysfunction _ 
after exercise at 15 or 30 minutes in 3 patients who had 
no epicardial coronary artery disease at catheterization. 
Two of these patients developed ST depression during- 
the exercise test and 2 had a history of angina. These _ 
observations raise the possibility of either syndrome X 
or a cardiomyopathic process in these patients. ie 


Acknowledgment: We gratefully appreciate the sec- 
retarial support of Cathy Davisson who typed this man- 
uscript. 


REFERENCES z 
1. Kloner RA, Przyklenk K, Patel B. Altered myocardial states. The stunned and l 
hibernating myocardium. Am J Med 1989;86(suppi 1A):14~22. 
2. Braunwald E, Kloner RA. The stunned myocardium: prolonged postischemic 
ventricular dysfunction. Circulation 1982;66:1146-1149. 
3. Charlat ML, O'Neill PG, Hartley CJ, Roberts R, Bolli R. Prolonged. amor 
malities of left ventricular diastolic wall thinning in the “stunned” myocardium’ ñ 
coriscious peas timet course and relation to systolic er ci Am Coll Cardiol 






















Maintain Sinus Rhythm After El >C tri ` 
Cardioversion for Chronic Atrial 
Fibrillation or Atrial F lutter 





Harry J. Crijns, MD, Isabelle C. Van Gelder, MD, Wiek H. Van Gilst, PhD, Hans Hillege, MD, 
A. Marcel Gosselink, MD, and Kong I. Lie, MD 


‘The sequential use of different types of antiar- 


-rhythmic drugs may improve arrhythmia progno- 
__. sis in chronic atrial fibrillation or flutter after 
., successful electrical cardioversion. The rationale 
for serial treatment is that the arrhythmogenic 
- = mechanism may vary between patients, leading 

_ to different responses to 1 specific drug. To in- 


-vestigate this issue prospectively, 127 patients 


: having chronic fibrillation or flutter exclusively, 
underwent serial drug treatment with flecainide 
(stage I) followed by sotalol or, if contraindicat- 


. ed, quinidine (stage Il) and eventually amioda- 


rone (stage Ill). Stages Il and Ill were entered af- 
ter electrical recardioversion for a recurrence 
: during stages | or Il, respectively. Calculated on 
-< an actuarial basis, the 2-year cumulative per- 
-< centage of patients free of the arrhythmia in- 
-> creased from 31% after stage I to 63% at the 
end of serial treatment. To reach this result, a 
mean of 1.8 + 0.8 cardioversions per patient 
were needed, with 53 patients progressing to 


~ stage Il and 34 to stage Ill. Sixteen patients 


> stopped serial treatment prematurely and 15 pa- 
-tents were considered to have intractable atrial 


"fibrillation at the end of stage Ill. Incidence of 


- proarrhythmia was low. Multivariate analysis 
disclosed that an older age, in combination with 
- a large number of previous episodes of arrhyth- 
mia, a long previous duration of arrhythmia and 
presence of mitral valve disease, were predictive 
for medical refractoriness during serial treat- 
: ment. It is concluded that serial treatment may 
`: improve arrhythmia prognosis in atrial fibrilla- 
tien or flutter, with an acceptable incidence of 
a proarrhythmic events. 
ae (Am J Cardiol 1991;68:335-341) 





i m the Department of Cardiology, Thoraxcenter, and the Depart- 





it of Clinical Pharmacológy, rany paced bua aie the 


arrhythmic drugs, chronic atrial fibrillation or 
flutter have a high propensity to recur after 
electrical cardioversion. -6 To improve the long-term 
arrhythmia outcome, it seems rational to change the - 
type of drug after a recurrence, since each subtype ex- 
erts specific actions. Class 1A and 3 drugs may be ef- _ 


D espite prophylactic treatment with class tanti- oe 


fective if the arrhythmia depends on shortening of re- ae 
fractoriness. Class 1C drugs may act by suppressing 
arrhythmogenic premature beats or by rate-dependent 
prolongation of refractoriness.’ Only a few studies have 


reported that sequentially changing the type of drug- . 


after a recurrence may improve arrhythmia progno- 
sis? To investigate this issue prospectively, we per- 
formed serial antiarrhythmic treatment in patients re- 
ferred for direct-current cardioversion. Serial treatment __ 
involved the use of different types of antiarrhythmic __ 
drugs, with repeat cardioversion after each relapse of 
chronic arrhythmia. Drugs used were flecainide (phase So 
I), sotalol or quinidine (phase IL) and amiodarone __ 


(phase HI). The aims of this study were to establish the . : 


rate of preserved sinus rhythm with use of this ap- oS 
proach and to characterize the patient with medically 


intractable atrial fibrillation or flutter despite seriál 
treatment. 


METHODS wee 
Patients: Between. February 1986 and June 1989, - 
186 consecutive patients with chronic atrial fibrillation 
or atrial flutter underwent successful cardioversion to 
sinus rhythm. using direct-current electrical cardiover- 


sion. The general outline of our protocol for cardiover- = 


sion has been described previously.!° After the cardio- 


version, all patients were considered candidates for pro- _ _ 
phylactic antiarrhythmic drug treatment. However, 59 =- 
patients were excluded from participation in the study. . 


Exclusion criteria were (1) paroxysmal atrial fibrilla- . 
tion or flutter, (2) bifascicular block or bundle branch 
block with a QRS duration >0.16 second, (3) known 


7 sick sinus syndrome in thig e of an artificial pac 




























60 + 12 


65 (51%) 
atrial ft fibrillation í :no.) 103 (81%) 
~“ Underlying hea disease (no.)* 
Coronary artery disease 30 (24%) 
| Stable angea pectoris 12 
Old myocardial infarction 9 
=. After CABGZPTCA 12/1 
i - Rheumatic vaivular disease 30 (24%) 
:= Mitral valve cisease 50 (37%) 
_ Stenosis/regurgitation 29/27 
Aortic valvules disease 26 (21%) 
_- Stenosis/regurgitation 8/21 
Systemic hypertension 20 (16%) 
Congenital heart disease 9 (7%) 
‘Dilated cardiemyopathy 6 (5%) 
Corrected hyaerthyroidism 4 (3%) 
_. “Lone” fibritlaiion/flutter 22 (17%) 
Previous cardiazssurgery 36 (28%) 
| CABG/valvule: surgery 16/23 
-Arrhythmia history 
Duration befcr cardioversion 
(days) mecian/range 180/1-6840 
Total duratioa {months) 
median/rar ge 22/0.1-300 
Previous arrhythmia episodes 
n=] 55 (43%) 
n=2 51 (40%) 
Antiarrhythre< drugs used before 
n= 0 88 (69%) 
n=] 22 (17%) 
NYHA class |, IE iH 56 (44%), 58 (46%), 13 (10%) 
Diuretics 50 (37%) 
ACE inhibitor 9 (7%) 
Left atrial size 
Long-axis view: (mm) 45+7 
Apical view (erm) 66 + 8 
Left atrial area (mm) 2,442 + 548 
LVEDD (mm) 5027 


LVESD (mm) 


*More than 1 disease entity per patient. 

ACE = angiotersin-converting enzyme; CABG = coronary artery bypass grafting; 
LVEDD/LVESD = ft ventricular end-diastolic and end-systolic diameters, respec- 
tively; NYHA = New York Heart Association; PTCA = percutaneous transluminal 
coronary angioplas’.. 
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? disease. Patiznts with a healed myocardial infarction 
~- within 2 yeers before entry into the study also were 
a _ excluded. Actiarrhythmic drugs administered before 









inclusion in the study were discontinued 25 half-lives 
a , rst cardioversion. The study was approved 
: by the local medical ethical committee, and before initi- 
ating phase | informed consent for participation in the 
-study was obtained. Table I lists clinical characteristics. 
- Echocardiographic left atrial area was determined with 
the following formula: (0.5 X left atrial diameter in 
“long-axis view) X (0.5 X left atrial diameter in apical 
_view) X r. i 
: Definition of terms: Chronic atrial fibrillation or 
flutter was defined as repeatedly documented arrhyth- 





127 Patients Beginning Serial 








until the cardioversion under evaluation. 






























months after the last cardioversion and at 6ámonth i in- 
tervals thereafter. At the follow-up visits, patients were ~ 


“mia, without intercurrent s sinus ss am on | routine 12- 
















ter a the first eatin aon. caf this : study. Tot 
arrhythmia duration is the episode. lasting from the on- we 
set of attacks of documented atrial fibrillation or flutter 3 


Protocol for serial antiarrhythmic drug treatment: a 


After the cardioversion, 4 different antiarrhythmic 


drugs in 3 sequential stages were administered. In the ~ 
first stage, we used the type 1C drug flecainide (Tam- 
bocor®, Riker 3M) in a dose of 200 or 300 mg/day. _ 
We did not give quinidine as the first drug because it is 
associated with a relatively high incidence of adverse 
effects. We reasoned that this might limit the feasibility 
of serial treatment, because it would cause too many 
patients to advance to stage H merely because of ad- 
verse effects early in the course of serial treatment. In > 
addition, when we started the present study, flecainide | 
appeared to be well tolerated and potentially effec- 
tive.'!!2 In patients with atrial flutter, verapamil was 
used to prevent a rapid ventricular rate in the event of a 
recurrence.'3-!> The second stage was entered in case 
of a recurrence or adverse effects during flecainide 
treatment. It consisted of 160 mg of sotalol (Sotacor®, 
Bristol-Myers Company) administered twice daily. If 
there was a contraindication to sotalol, we used an al- 
ternative drug. Although drug effects may differ in the 
patient after cardioversion,'® quinidine 750 mg (Kini- 
dine Durette®, Astra) twice daily was chosen. Consid- 
ering it as a “last resort” stage II drug, we accepted its 
disadvantages. After cardioversion in stages I and II the 
initial 3 drug doses were administered in the hospital. If 
there was recurrence during stage II, patients entered: 
the third stage. Stage I nonresponders with contraindi- 
cations for both sotalol and quinidine entered stage I 
directly. Before repeat cardioversion, all patients under- 
went loading with amiodarone, 600 to 800 mg/day, for 
=4 weeks. Thereafter, patients continued to take 200 to 
400 mg/day depending on the 1-month plasma concen- 
trations of both amiodarone and desethylamiodarone. If 
plasma concentrations for both were >0.5 mg/liter, 
these were arbitrarily considered “therapeutic” and. a 
recardioversion was attempted. Ee 
‘Follow-up: After discharge from the hospital, pa- à oS 
tients visited the outpatient department 1, 3 and 6. 








questioned for arrhythmia symptoms and adverse ef- 
fects of drug therapy. A 12-lead surface electrocardio- 
gram was recorded to determine the rhythm. | 
End Pa of the. i sudya T The a Points, Ware ar- : 










ariables y with 2 an p disabukon were tested 
ith the Mann-Whitney U test. Frequencies were com- 
pared by the chi-square test for equality of proportions 


nd for small numbers (<10) with Yates correction. 
The diagnostic value of several sets of variables for « ar- 
thmia recurrence was analyzed by logistic tegres- 
sion. The model estimates the. probability p of recur- 


rence as: prob (recurrence) = | Ja tey (see Appen- 

riables (including a constan r, 
he data by likelihood-ratio test. Predictor variables 
A were: selected by forward Siem s selection. ae 


a of the sample! Patients v were 

success or failure, according to the calculates p 

ty of intractability in relation to the chosen cutof 
Any patient whose estimated probability was 


than the chosen cutoff point was predicted to be 
table; the: converse holds for patients with a low 
The proport “patie 


tion of correctly reclassifi 
considered a measure of the diagnostic reliabilit y 


| predictor variables. MS, 
where Z represents’ ‘the: independent predictor ee 


rm) estimated from _ RESULTS _ 


After. successful electrical ene eee 127 
tients entered l stage. L Of these 127 patients, 16 ( 


|% Event-free Patients — 


> ny : FIGURE 1. Actuarial atts a arrhythmia- 


oo the curves indicate the number of par 
clone etek : 
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‘ tago, I: Univariate E 


Arrhythmia 
Recurrence 








p Value 


- No. of patients 81 15 
<. Age (years) 59 +12 
< Men (no.) 47 (58%) 
<. Atrial fibrillation Zao.) 65 (80%) 
a Underlying heart-disease (no.)* 






65+ 13 
7 (47%) NS 
13 (87%) NS 




































Biased attem-disease 19 (24%) 6 (40%) NS 
~ Stable angir.a pectoris 8 3 
-Old myocardial infarction 4 l 
- After CABG 10 3 
Sarna vauular disease 14 (17%) 6 (40%) NS 
Mitral valvularcisease 22 (27%) 9 (60%) <0.05 
Stenosis/regurgitation 16/12 7/5 
Aortic valvularisease 9 (11%) 5 (33%) NS 
Stenosis/reguirgitation 2/7 1/4 
. Systemic hypertension 17 (22%) 1 (7%) NS 
‘Congenital heert disease 8 (10%) O (0%) NS 
Dilated cardiomyopathy 3 (4%) 1 (7%) NS 
“Lone” arrhythynia 13 (16%) 1 (7%) NS 
| Total duration (reanths) 
Median 13 58 <0.05 
Range 1-230 17-162 
Previous arrhythmia episodes 
me 3 25 (31%) 13 (86%) <0.05 
NYHA class (no. 
| 24 (29%) 2 (13%) 
H 46 (57%) 9 (60%) NS 
jl 11 (14%) 4 (27%) 
Diuretics 27 (33%) 8 (53%) NS 
ACE inhibitor 7 (9%) 1 (7%) NS 
Left atrial size 
a Long-axis vieweimm) 44x 7 48 + 6 NS 
Apical view (nm) 66 + 8 74+ 4 <0.05 







2,329 + 601 2,810+ 526 <0.05 


*More than 1 dise=se entity per patient. 
ACE = angiotenss:-converting enzyme; CABG = coronary artery bypass grafting; 
NS = not significant YHA = New York Heart Association. 


Left atrial area (mem?) 














were premat.rely withdrawn from serial treatment. 
Three patients died during the trial (2.4%) and 15 pa- 
tients (12%) were considered to have intractable ar- 
rhythmia after stage III. On an intention-to-treat basis, 
the actuarial cumulative percentage of patients remain- 
<- ing in sinus ~hythm for | and 2 years after the last 
cardioversion were 65 and 63%, respectively (Figure 1). 

Stage I: Alter the first cardioversion, 127 patients 
‘received a mzan dose of 210 + 49 mg/day of flecai- 
nide, in a 2- or 3-times daily dosing scheme. Thirteen 
patients with atrial flutter were treated concomitantly 
ith verapamil. Figure 2 shows the actuarial event-free 
tervals for <i flecainide-treated patients. After 3, 12 
and 24 montts, 44, 34 and 31% of these patients were 
till in sinus rythm. Two patients died during stage I. 
One patient with flutter, who had had a myocardial 
infarction 2 years previously, died suddenly 1 day after 
lischarge. The =A other sigh died from a massive acute 




















cular Mek a a a hemoäyaan da y sig- 
nificant ventricular tachycardia of 198 beats/ min with 
sinusoidal QRS complexes 23 hours after initiation. of 
100 mg flecainide twice daily. Repeated electrical car- 
dioversions were necessary, but recovery was unevent- 
ful. o 
After treatment was unsuccessful during stage I, 30 
patients did not enter stage II of the trial: 2 patients 
died during stage I, 6 patients developed contraindica- =- 
tions for treatment with antiarrhythmic drugs, and 10 gat 
were unwilling to continue the protocol. The remaining _ A 
12 patients entered stage III immediately after stage T- a 
for contraindications to treatment with sotalol or ae 
dine. A 
Stage Il: In all, 53 patients entered stage H. Tiny en 
nine patients were treated with a daily dose of 269 +49- = 
mg of sotalol and 14 with 1,500 mg of quinidine. After 
3, 12 and 24 months, 55, 42 and 42% of these patients 
had preserved sinus rhythm (Figure 2). Adverse effects 
due to sotalol occurred in 5 patients and included facili- 
tation of atrioventricular nodal tachycardias in 1 pa- 
tient and congestive heart failure in a patient with a 
hypertrophic cardiomyopathy. The other 3 patients, re- 
spectively, had symptomatic sinus bradycardia, fatigue 
with dyspnea but without signs of congestive heart fail- 
ure and intolerable diarrhea accompanied by head- 
aches. Four patients taking quinidine developed unac- 
ceptable diarrhea. : 
Stage Ili: Thirty-four patients were treated chroni- = 
cally with 284 +151 mg/day of amiodarone. After 
loading with amiodarone, 4 patients (12%) converted to. = 
sinus rhythm without a repeat cardioversion. Figure 2 
shows that after 3, 12 and 24 months, 64, 49 and 40% x 
of patients treated with amiodarone had preserved sinus © 
rhythm. Amiodarone was discontinued only in 2 pa- 
tients because of skin photoallergy. No negative dromo- 
tropic effects were seen during amiodarone treatment. = 
One patient, who had undergone coronary artery by- 
pass grafting previously, died due to an acute myocar < 
dial infarction. | = 
intractable atrial fibrillation and flutter: To identify 
patients in whom cardioversion, per se, should be avoid- 
ed because of intractability of the arrhythmia despite : 
serial treatment, we compared all patients maintaining- 
sinus rhythm with those unable to do so during stage - 
III (Table II). Logistic regression analysis showed that _ 
age eras Se 0. 17, T = 0. 00r) number o : 























































vhile evaluated univariately (Table II), this pa- 


“rameter was not taken into account in the logistic re- 
-gression analysis because of too few cases available for 


_ evaluation, thereby potentially weakening the analysis. 













To evaluate the diagnostic reliability of the predictor 
variables, 8 different classification rules for cutoff 
points from 0.8 to 0.1 were tested for their ability to 
discriminate between predicted and observed arrhyth- 


: mia intractability. Table IH shows sensitivity, specific- 
5 “ity and post-test probability of intractability for the var- 
-~ -ious cutoff points. 


"DISCUSSION 


_ A recently performed meta-analysis indicated that 
after successful cardioversion, 50% of: patients will have 


i a recurrence of atrial fibrillation within 1 year, despite 
prophylactic treatment with quinidine. Up to now not 


many studies have addressed the issue of whether the 


<- arrhythmia prognosis may be improved by sequentially 


changing the type of drug after each recurrence of 


chronic arrhythmia.’® The present study is the first to 


-suggest that such a strategy, in combination with elec- 


trical recardioversion in resistant cases, may reduce the 
recurrence rate from 50% to approximately 35%. 
Comparison with previous studies: One retrospec- 
tive study® also evaluated the effects of serial drug 
treatment after repeat electrical cardioversion, with 1- 


and 2-year recurrence rates as high as 46 and 59%, 
respectively. In that study, only few patients relapsing 


for the second time underwent a third cardioversion. In 
addition, the relatively potent antiarrhythmic drug ami- 
odarone!®-24 was not used. 

In a prospective study, Antman et al? studied the 


-sequential use of propafenone and sotalol in patients 
-> with refractory atrial fibrillation or flutter. Paroxysmal 
atrial fibrillation was found in 50% of patients and rela- 


tively many patients classified as having chronic fibril- 

_ lation (27%) converted to sinus rhythm merely after 
- loading with sotalol. The latter characteristic may be 
especially regarded as favorably influencing the clinical 
behavior of the arrhythmia. Despite this, and notwith- 
standing the use of several drug dosages before consid- 
<- ering the patient refractory, the 6-month recurrence 
rate still was 45%. Whether the use of a third agent, as 
-<in the present study, would have substantially improved 
~~ outcome, remains a matter of speculation. However, 
the clinical applicability of a serial approach using 


i: many different agents may be limited because of drop- 


significantly between responders and fail- [7 


rhythm: Compared with the other drugs used in the 
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*Sensitivity: the ability of the model to detect anya intvactabilt TEF sern 
treatment; specificity: the ability of the model to detect maintenance of sinus rhythn 
Aimost all intractable pens will be detected only at a low cutoff Pans but at thes cos 
of not selecting potential responders: for serial treatment. l 


ment in stage III may be calculated using clinical chars 
acteristics like age, total arrhythmia duration, number 
of previous electrical cardioversions and type of under 
lying disease (see Appendix). . 
In clinical practice it is desirable to avoid serial 
treatment in intractable cases, and we advise one to use __ 
the cutoff point of 0.2, because this approach allows 
almost all patients with intractability to be detected | 
(Table HI). This does not dramatically affect the speci- 
ficity of the presented model. However, the disadvan- 
tage is that, given a cutoff point of 0.2, approximately a 
half (48%) of the patients not selected for cardioversion 
would have had benefit from serial treatment (1 = 
post-test probability of intractability). Fortunately, at 
the given cutoff point of 0.2, this applies only toa rela- 
tively low proportion of the potentially responding pa- 
tient population (1 — sensitivity: 14%). o 
Studies with amiodarone in medically refractory pa- 
tients variably identified previous arrhythmia dura- 
tion?®! and left atrial dimension?®? as factors predict- 
ing outcome. In the present study, 4 different predictive 
factors were found. Discrepancies between studies are 
mainly caused by differences in data analysis, small pa- -= 
tient numbers and inclusion of both paroxysmal and - 
chronic fibrillation. The present investigation exclusive- 
ly concerned chronic arrhythmia. Moreover, in contrast 
to most previous studies, our patient population was 
more homogeneous with. respect to medical refractori- 
ness since arrhythmia intractability was established 
prospectively in the course of serial treatment. 


Comparison of drug efficacy: maintenance of die 


present study, amiodarone was equally effective in. 
maintaining sinus rhythm, even after failure with previ 
ous drugs. Apart from amiodarone being more potent 
this 7 also have resulted from loading, although o 

en was. rat ier conservative. | For sa 



















a goea ein duane sotalol 
0. 8%); however, in some cases recurrence may have 
“been the rest of atrial proarrhythmia. 
~ A more serious problem is ventricular proarrhyth- 
“mia during treatment of supraventricular arrhyth- 
~~ mias,?>-26.28.<° In this study, unexpected ventricular pro- 
arrhythmia was documented in 1 patient taking flecai- 
< mide. Another patient taking flecainide, with an old 
- myocardial mfarction, died suddenly, presumably due 
to proarrhythmia.*° Two other deaths were not related 
to the use of crugs. In their meta-analysis, Coplen et al® 
showed that quinidine was associated with an increased 
total 1-year mortality (2.7%) compared with placebo or 
no treatment (0.6%). Total mortality in our study was 
2.4%, compzrable to that for patients receiving active 
treatment in the meta-analysis. However, in the studies 
evaluated,® fallow-up was relatively short. In addition, 
proarrhythm:a-related mortality in the present study 
was only 0.8%, illustrating the relative safety of the 
agents used. 

Other adverse effects: These occurred predominant- 
ly during the first 2 stages. The most frequent adverse 
effects with flecainide were due to the negative dromo- 
tropism. Because these patients were identified during 
the first stage and excluded from further study, this 

complication was infrequent during the next stages. In 
the second stage the most frequent adverse effect limit- 
ing drug treaiment was diarrhea caused by quinidine. 

Amiodarone was remarkably well tolerated, which may 
-be explained by the low dosage given.3!-33 In addition, 
<- patients were ‘stringently advised to avoid excessive ex- 
-= posure to surlight. Whether the long-term incidence of 

adverse effects stays low remains to be established, 

‘Since it has teen suggested that it is related to the cu- 

‘mulative dose:*4 

-o Study limations: The inclusion of a blinded place- 

‘bo group wouid have strengthened this study. It would 

have answered the question of whether repeated cardio- 

versions witheut institution of any prophylactic drug 
would have yielded the same result. However, inclusion 
of a placebo group in a blinded set-up would have 

neant withholding treatment considered to be effective. 
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with susta ventricular tachycardia 
ala ‘fibrillation, we believe that if a- patien 
condition does not improve with | specific type of < an 
arrhythmic drug, this agent should be abandoned, espe- =- 
cially if the recurrence occurs very early after the car- 
dioversion, which was the case in almost all recur- 
rences. 
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a Different Me shanisms of Polyuria and ; 
_ Natriuresis Associated with Paroxysmal — 
Supraventricular Tachycardia 


Takashi Fujii, MD, Shunichi Kojima, MD, Masahito Imanishi, MD, 
Tohru Ohe, MD, and Teruo Omae, MD 









3 The mechanism of polyuria associated with par- during supraventricular tachycardia (SVT).!2 Na- 
_- oxysmal supraventricular tachycardia (SVT) was triuresis is also often observed in patients with a 
_.. investigated in 8 patients. SVT was induced arti- SVT. Recent studies have suggested that a decrease in _ 
__. ficially and sustained for 60 minutes. Urine and arginine vasopressin, the antidiuretic hormone (ADH yo 
~ blood samples were collected every 30 minutes. is responsible for polyuria} and that an increase in atrial 
1 During the latter half of SVT, urine flow in- natriuretic peptide (ANP) induces natriuresis during __ 
- -creased twofold in the control subjects before SVT.*° Recently, we and other investigators>® have 
- SVT. Urinary sodium excretion increased signifi- observed that natriuresis, maximal excretion in urine, is. 
a cantly (p <0.01) within 30 minutes after SVT. observed after SVT ends. However, the ANP level in 
_. Urinary excretion of antidiuretic hormone (ADH) plasma peaks during SVT. Thus, the existence of an- 
 ; decreased (p <0.01) during the latter half of SVT other mechanism was suspected for SVT-induced natri- : 
and increased (p <0.01) after SVT, respectively. uresis in addition to the mediation of increased plasma 
Plasma level of ADH did not change during SVT ANP. For the purpose of clarifying the detailed mecha- _ 
but increased (p <0.05) after SVT. The concen- nism of polyuria associated with SVT, the possibility 
tration of plasma atrial natriuretic polypeptide that renal prostaglandin E,’ and other hormones might _ 
oe (ANP) increased significantly (p <0.05) before cause natriuresis associated with SVT was examined in ; 
-SVT ended. Urinary excretion of prostaglandin the present study. : 
Ez increased significantly (p <0.05) after termi- 
nation of SVT. The percent changes in the uri- METHODS ue 
nary excretion of prostaglandin E> were corre- Patients: The subjects of this study were 8 patients = o 
lated (r = 0.713, p <0.001) with those of ADH. with SVT (3 men and 5 women) aged 25 to 60 years 
There was also a correlation (r = 0.6, p <0.001) (mean 41). They had normal renal and liver functions, 
» _ between the percent changes in the urinary ex- with no evidence of organic heart disease or systemic 
cretion of prostaglandin Ez and those of sodium. hypertension. Electrophysiologic studies showed evi- 
‘Their findings suggest that the polyuria during dence of atrioventricular reentrant tachycardia in 6 pa- 
SVT is attributed mainly to the inhibition of ADH tients and atrioventricular nodal reentrant tachycardia 
release and that the natriuresis after SVT is due in 2. Each patient gave informed consent for participa- 
-.- not only to the increased ANP but also to the in- tion in the study. EA 
=- creased renal prostaglandin Ez probably stimu- Study design: Administration of all antiarrhythmic —_. 
_. dated by ADH. drugs was discontinued for at least 1 week before the 
(Am J Cardiol 1991;68:343-348) study. From 9 p.m. on the day before the examination to 
completion of the test, 10% para-aminohippurate (5° 
ml/hour) and 0.9% saline (95 ml/hour) solutions were 
infused through the antecubital vein. At 9 a.m. on the 
following day, the patients were asked to void their | 
bladder before the examination. Then, they lay supine — 
throughout the study except during urination. After the 
60-minute control period, SVT was induced by pro- 
grammed cardiac stimulation via an esophageal lead 
and ao for: 60 minutes. SVT) was s terminated 


I t is a well-known phériontenon that polyuria 0 occurs 





I rom the Division of Cardiology, National Hiroshima Chest Hospital, 
hima, Japan, and the Division of Hypertension. and Renal Dis- 
id the: Division of Cardiology, National Cardiovascular Center _ 
ci December 17, 1990; re- 


















| HR 
| (beats/min) 


at eek beens as 
Osmolality was measured by a Fiske osmometer, elec- 
olyte and zreatinine concentrations by an autoana- 
lyzer and para-aminopippurate concentration by the 
thod of Smith et al.8 Blood for assaying ANP was 
ransferred tæa chilled tube containing ethylenediamine 
tetraacetic acid and was centrifuged. Plasma was stored 


-at —80°C until it was assayed. Plasma ANP was mea- 
sured by raGioimmunoassay as reported by Kojima et 
al? ADH in plasma and urine was measured by radio- 
` immunoassa¥ as reported elsewhere.!°-!2 Plasma renin 


activity was measured by radioimmunoassay using 
commercial <ts (Dinabot). 

Urinary prostaglandin E> levels were also measured 
in 7 patients by radioimmunoassay in accordance with 


the assay procedure for a commercial kit which uses 

15] as a træer (New England Nuclear Corporation, 
- Boston, Massachusetts), Catecholamine levels were 
measured by the fluorimetric method. 


Statistical analysis: Statistical assessment of the 


data was dose by randomized block analysis of vari- 
-ances with the mean of 2 values measured before onset 
Of SVT as the control value. A Student Newman-Keuls 
test was usei for simultaneous multiple comparison. 

_- The results cre expressed as mean + standard error of 
the mean. Censidering the differences between sexes, 
we evaluatec urinary prostaglandin E on the basis of 





i -control period value as 100% 


variables were examined by the least-squar 5 me ho 


RESULTS 


Changes in hemodynamics: Mean heart rate, “bloo 





nificantly. Both heart rate and blood pressure returned- 
almost to control values soon after termination of SVT. 
Changes in urine and renal functions: Urine volume 


increased significantly (p <0.01) from 1.89 +0.34 to 


5.16 + 1.03 ml/min during the second half of SVT and 


to 4.76 + 0.77 ml/min in the early phase of recovery, s. 
and returned nearly to the control level in the final 30. 
minutes. Excretion of urinary sodium tended to de- 
crease slightly from 248 + 23 wEq/min during SVT, 
but increased significantly (p<0.01) to 367 +47 


uEq/min in the early phase of recovery (Figure 1). 
Similar to the changes in excretion of urinary sodium, 
fractional excretion of sodium also increased signifi- 
cantly (p <0.05) in the early and late phases of recov- 
ery (Table I). Creatinine clearance tended to increase 
from the second half of SVT to 30 minutes after termi- 

nation of SVT, whereas para-aminohippurate clearance 
showed a tendency to decrease. Filtration fraction 
increased significantly (p <0.01) during SVT (Table 


I). Urinary osmotic pressure decreased significantly 
(p <0.01) during SVT, corresponding to the peak time 
of urine volume, whereas free water clearance increased 


(p <0.01). Hypotonic urine persisted for 30 minutes af- : . 
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pressure, urine volume and urinary sodium excretion ato: 
different times are shown in Figure 1. The heart rate 
increased (p <0.01) during SVT. Systolic blood pres- 
sure decreased (p <0.01) during tachycardia and dia- 
stolic blood pressure tended to decrease, although insig- 
























Control 


1. Creatinine clearance (mi/min/m?) 








|. P-aminohippurate clearance (mi/min/m@} 391 + 34 333 + 54 312 + 44 393 + 33 
: Filtration fraction = . 0:32 + 0.03 0.40 + 0.03* 0.45 + 0. OST — O34 + 0.034 
_ Fractional excretion of sodium (%) ol. o LAE t 0.13 1300.22 1,054 025 oe 93: 0.28" 
Plasma renin activity (ng/ml/hour) — i — 14404 1.9 + 0.4 32409 “25 + 0.4 
Plasma noradrenaline concentration (pg/ml) (285 £ 34 Al4 + 57* 455 + 62* E 318 + 44 
Plasma adrenaline concentration (pgm) = 28: E 9 341l 38 13 S 26 EEA 


ites). 
Values are mean + standard error of the mean. 





‘tert termination of SVT but rehirined to the control val- 

ais ue i in the next 30 minutes: (Figure 2) Serum osmotic 

a] pressure did not change significantly during and after 
í SVT. 

- Changes in urinary wie blood Kinnen The EA 

a ma levels of ADH, which were 2.4 + 0.6 pg/ml in the 

control period and 2.2 + 0.7 pg/ml during the second 





_. (Uosm), free water clearance (Cu20) and 
 gsmolar clearance (Cosm). Values are 
mean + standard error of the mean. 

 **9 <0.01 compared with control values. 
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q mean. *p <0.05 compared with control 
values; “p <0.01 compared with values 
obtained during the latter half of supra- 
ventricular tachycardia (form 30 to 60 
nute: ns SVT = oaii tachy- 
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half of SVT, ereed significantly (p <0. 0 
3841 0 pg/ml i in the early phase of recovery (Fi 
3). Urinary excretion of ADH decreased d significanth 
(p <0.01) from 30 + 11 to 82 pg/min i in the latt 
half of SVT and increased significantly (p <0. OL to 
74 +15 and-125 + 41 pg/min in the early and late i 
phases of recovery, respectively (Figure 4). The plasma 








600 


400 


(a) Uosm(mOsm/k) | 


200 













0~30min 30~60min 0~30min 30~60min 
SVT SVT | -Recovery Recovery 








(0) Plasma ADH (pg/ml) Po 











Control 


SVT SVT 





<> levels of ANP increased significantly (p <0.05) from 
37 + 13 to 127 + 43 pg/min in the second half of SVT 
< and returned to the control level 1 hour after termina- 
~-< tion of SVT (Figure 3). Urinary excretion of prosta- 
< glandin E, vended to be slightly suppressed during 
SVT, but imcreased significantly (p <0.05) from 
259 + 79 to 396 + 84 pg/min in the early phase of re- 
covery (Figu 4). There were significant correlations 
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| contained in blood are likely to decompose ADH, and 


sampling at a single point of time does not adequately : 


amount of ADH release, measurement of- urinary 
ar ADH appears to be more accurate ‘than that of of plasma : 
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between the percent changes in urinary excretion of 
ADH and prostaglandin E» and between those in uri- 
nary excretion of prostaglandin E, and sodium (Figure 

5). Plasma renin activity increased significantly 

(p <0.01) in the second half of SVT and plasma 
noradrenaline concentration increased significantly — 
(p <0.05) during SVT (Table I), although there was - 
no significant change in adrenaline concentration. 


DISCUSSION | 

Our study clearly showed polyuria during SVT and 
natriuresis after SVT. The urine obtained in this poly- 
uric phase was hypotonic. The increase in urine volume 
was attributed to the increase of both water. diuresis. 
and osmolar clearance. The ratio of the increase in free 
water clearance to urine volume was found to be 80 to. * 
90%. Therefore, the increase in urine volume was most- 
ly due to increase in water diuresis, and osmolar clear- 
ance had little to do with this increase. 

Despite the decrease in urinary excretion of ADH, = 
the plasma levels of ADH did not change significantly. 
during tachycardia. This discrepancy may be because 
(1) the rate of plasma ADH adhesion to platelets i isas 
high as 90% in plasma,'? (2) various types of proteases 















(3) secretion of plasma ADH is affected by body posi- 
tion, stress, and so forth. Thus, it is. possible that blood - 











reflect secretion of ADH. Therefore, to assess. the. 








l Boykin i a ‘all? ined that am aual pacing in de 
causes diuresis and suppression of ADH in plasma and 
__ that the effects are abolished by bilateral cervical va- 
~~ gotomy. Therefore, when left atrial pressure increases, 
the atrial stretch receptors with vagal afferents to the 
~ hypothalamus tonically inhibit the release of ADH and 
os probably cause diuresis.!® 
_- Thus, our data suggest that polyuria associated with 
: SVT i is water diuresis due to suppression of ADH re- 
ease as suggested by other investigators.3!6 Natriuresis 
was Observed only in the early recovery phase. There- 
fore, some hormones inducing natriuresis were exam- 
‘ined. | 
eee _ ANP is a polypeptide with a jams natriuretic ac- 
~~ tion. !9-2! It is well known that extensive stimulus due to 
elevation in atrial pressure causes an increase in the 
. plasma ANP level during SVT or other types of tachy- 
cardia.? However, many points still remain controver- 
sial as to the effect of ANP on renal hemodynamics? 
and especially the mechanism of natriuresis. In our 
present study, the plasma ANP level increased signifi- 
cantly before SVT ended. The glomerular filtration 
rate tended to increase and the filtration fraction in- 
creased in the kidney during SVT, although the renal 
plasma flow tended to decrease (see Table I). Our find- 
ing is consistent with the report of Marin-Grez et al,” 
that ANP induces a postglomerular vasoconstriction 
accompanied by a preglomerular vasodilation in rat 
_kidney. Sosa et al?4 reported that the natriuretic effect 
of ANP disappeared in dogs with hypotension. In our 
study, hypotension was also observed, and this is con- 
sidered to be one of the reasons why natriuresis was not 
observed during SVT. Weidmann et al*> reported that 
transient ANP infusions in humans produced natriure- 
» sis that continued after plasma levels of ANP had re- 
“turned to baseline. One should also consider that the 
natriuresis observed after SVT may have resulted from 
elevations in ANP during SVT and recovery of hemo- 
dynamic factors. 
After the termination of SVT, ADH in both plasma 
== and urine increased. The acute elevation in left atrial 
-pressure during SVT causes the suppression of ADH 
release, but the sudden normalization in pressure after 
SVT and the persistent water diuresis during SVT may 
cause a postsuppression increase in ADH as a rebound 
effect. ADH was reported to stimulate the renal syn- 
thesis of prostaglandin E»,’6 which is produced mainly 
> in the medulla and causes natriuresis.2”?® The natri- 
_. uretic action of prostaglandin E; is independent of the 
_ effects of ANP.’ This prostaglandin E2 may modu- 
late the antidiuretic action of ADH via a closed feed- 
























‘correlation. between urinary prostaglandin E> and sodi- 


back loop.” 28 In the present study, urinary excretion of 
prostaglandin Ez increased after SVT and was correlat- 


rinary excretion of ADH. There was also a cadies. Prostaglandins 1976:11:38 


12. Seyberth HW, Sweetman BJ, Fro 
‘major urinary: metabolite of the: prostaglandins: by mass ae ronesy: to ç 































um excretion. Thus, renal prostaglandin E2, the bios 
thesis of which may be stimulated by an incre: 
plasma ADH, should increase sodium excretion.” 
is a possibility that natriuresis after SVT is close 
lated to the increase in ADH-mediated prostagl I 
Ez. 
Plasma renin activity. or catecholamines did not 
crease during and after SVT. Therefore, suppress 
the renin-angiotensin system or the sympathetic 
vous system can hardly be considered as the me s 
nism of natriuresis in this study. 
These findings d demonstrate that polyuria d i 
SVT is attributed mainly to the inhibition of ADH re- 
lease and that the natriuresis after SVT is due not only. 
to the increased ANP, but also to the increased mml 
prostaglandin E, probably. stimulated by ADH. > 
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} -To evaluate the antiarrhythmic effect of reflex- 
induced vagal activation, phenylephrine was in- 
_. fused in 17 patients with frequent ventricular 
premature complexes (VPCs). The role of heart 

“rate reduction in suppressing VPCs was ex- 
_“ plored by pacing the atria at the preinfusion lev- 
els. Baroreceptor activation was considered ef- 
fective when a 220% decrease in heart rate was 
wie observed. Ten patients (59%) achieved the tar- 

S a heart rate decrease (—29 + 5%), whereas in 

7 (41%) the baroreceptor reflex was considered 
inadequate. In the former group (“responders’’), 
heart rate decreased from 73 +7 to 52 +6 
beats/min (p <0.0001). When heart rate was al- 
lowed to fluctuate, ectopic activity was complete- 

-> ly abolished in 9 of 10 patients; mean number of 
-oo MPCs decreased from 38 + 8 to 0.2 + 0.6/100 

-beats (p <0.0001). During pacing, VPCs reap- 
_ peared but their mean number (22 + 10/100 
beats) was still significantly reduced compared 
with control values (p = 0.003). In the “‘nonre- 
sponders,” despite adequate blood pressure in- 
creases, VPC frequency was not affected. The 
» QT interval lengthened during phenylephrine 
(392 + 17 ms) versus control conditions 
(372 + 18 ms, p = 0.0008) in the responders 
group, whereas no change was observed in the 
These results demonstrate that reflex vagal 
activation markedly reduces VPCs. This effect is 
only partially rate-dependent; direct and indirect 
electrophysiologic changes secondary to barore- 
flex activation are also likely to be involved. 
(Am J Cardiol 1991;68:349-354) 
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cept of an antiarrhythmic effect of vagal activa- 
tion on. ventricular arrhythmias.'-? Waxman 

and Wald provided the first reports that vagal activa- 
tion, reflex-induced by phenylephrine injection or carot- 
id sinus massage, could terminate ventricular tachycar- 
dia? and could slow idioventricular rhythm.® A negative - 
chronotropic effect at ventricular level had been already- 
obtained by acetylcholine and vagal stimulation in dogs __ 
with heart block.%? - 

To better understand the mechanisms underlying = 
the antiarrhythmic action of increased vagal activity, — 
we studied the effects of reflex-induced parasympathet- 
ic activation in patients with chronic ventricular ar- 
rhythmias having very frequent ventricular premature 
complexes (VPCs). ; 

Previous studies involved carotid sinus massage!" ori: 
phenylephrine infusion.!! However, their interpretation 
was hampered by the fact that the decrease in VPC 
rate was always preceded or accompanied by a reduc- 
tion in heart rate, a factor that may be antiarrhyth- 
mic, 12-14 

The present clinical study had 2 main objectives. 
The first was to assess quantitatively the effect of re- 
flex-induced vagal activation, obtained by phenyleph- — 
rine infusion, in suppressing frequent VPCs in patients = 
with chronic ventricular arrhythmias. The second was © 
to draw inferences on the mechanisms involved, con- 
trolling heart rate by means of atrial pacing. 


E xperimental and clinical data support the 


METHODS 

Study group: The population under study consisted 
of a selected patient group with highly frequent and 
stable VPCs as assessed by 2 consecutive 24-hour 
Holter recordings. Only patients with >600 VPCs/ 
hour and with <30% degree of VPC variability be- 
tween daytime hours were admitted to the study. Pa- 
tients were evaluated by noninvasive procedures (com- 
plete clinical evaluation, exercise stress testing, 2-di- = | 
mensional echocardiogram). Exclusion criteria included. 
depressed myocardial function (left ventricular ejection 
fraction <50%), unstable angina and recent. myocard 
infarction, atrial flutter o or r fibrillation, sinus iode d 















eS Raspanders: 





a “Men/women 
: Heart disease: 

~ None 6 2 

=> Coronary 1 1 

Mitral valvesrolapse 2 1 

| l 1 

a 1 
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| = Systemic hv sertension 
| Mitral stencsis 

| c Congestive sardiomyopathy — 
|. Arrhythmia 

< VPCs/hour 








7 1,481 + 450 1,308 + 510 
= Couplets/2<ours 1,147 + 1,242 176 + 330 


Nonsustained VT/24 hours 83 + 99 243 


VPCs = ventric sar premature complexes; VT = ventricular tachycardia, 









sinus node fwnction. All patients gave informed consent 
for the stud 

Study pr=tocol: The test was always performed in 
the morning, 2 hours after a light breakfast, while the 
patient was ving supine. The electrocardiogram (leads 
I, If, Vi) wes continuously recorded on a Gould ES 
1000 polygraph recorder and blood pressure was deter- 
mined with = standard cuff manometer every 3 min- 
utes. A slow .ntravenous infusion of saline solution was 
begun and < pill bipolar electrode for transesophageal 
atrial pacing was positioned. Pacing parameters were 
10 to 20 ms n duration and 10 to 15 mA in intensity. 
In 2 patients. who complained for epigastric discomfort 
during pacing, a bipolar intracavitary electrode was po- 
sitioned via tae basilic vein and advanced into the right 
atrium. 

After 5 tz 10 minutes allowed for stabilization, the 
electrocardicgram was recorded for a baseline period of 
10 minutes. Phenylephrine infusion (70 ug/ml saline 
solution) was then started at 20 ug/min and increased 
stepwise (20: ug/min) every 5 to 8 minutes to obtain a 
gradual increase in blood pressure. Reflex vagal activa- 
tion was coreidered effective when a 220% decrease in 
heart rate wes observed. Patients who did not achieve 

- this target, despite maximal phenylephrine infu- 
~ sion (200 we /min) or 40-mm Hg increase in mean 
blood pressuzs, were defined as nonresponders. When a 
steady-state "PC suppression was observed for >2 con- 
secutive minetes, atrial pacing was begun at the prein- 
fusion rate cad maintained for 3 minutes. During pac- 
| ing, phenyl <hrine infusion was held constant. Pacing 
= erfo nwd k an A. LS. 4279 stimulator Oe 



















eS pling intervals of the ectopic beats to the prece ting 
. Nonresponders ile 


, heart rate was 73. +7 beats/min ar d the number o 
OEN -VPCs/ min was 27 +6, a valu similar to the. 
vet vee value observed during Holter 
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nus or paced beat; and (3) QT interval. The QT i inter- 
val was measured in control conditions, while the pa- 
tient was in sinus rhythm, and during phenylephrine oe 
infusion, while the baseline heart rate was restored by E 
atrial pacing. With the same heart rate, there was no 
need to use the traditional correction formulas (e.g., 
Bazett’s) and the results are expressed as QT mea- 
sured. Measurements were performed by an investiga- 
tor who had no knowledge of the case. The same lead 
allowing a precise evaluation of the end of the T wave, 
usually lead II, was used at a paper speed of 25 mm E 
At least the first 3 beats following a VPC were not _ 
considered for the analysis; the reported value is the 
average of 5 measurements in nonconsecutive beats.. 
Statistical analysis: The Fisher exact test was used. 4. 
to analyze discrete variables. Analysis of variance for ` 
repeated measures was performed to analyze the effect... 
of phenylephrine, during both sinus rhythm and atrial _ 
pacing, on VPC frequency. Student’s ¢ test for paired” 
and unpaired data (2-tailed) was applied to compare 
continuous variables before and after phenylephrine in- 
fusion and between responders and nonresponders. A p- 
value <0.05 was regarded as significant. The Bonfer- 
roni method for the limitation inherent in multiple pair- 
wise comparisons was applied.'!5 Data are reported as 
mean + standard deviation unless otherwise specified. 








RESULTS 
Patient characteristics: The study group consisted 
of 17 patients (10 men and 7 women, mean age + stan- 
dard deviation 50 + 14 years [range 24 to 72]). In 7.of 
the 17 (41%), baroreceptor activation was considered. ___ 
inadequate because heart rate reduction during phenyl- >- 
ephrine therapy was <20% (mean 7 + 7%). These pa- = 
tients were defined as nonresponders and did not under- - 
go atrial pacing. Ten patients (59%), defined as re- 
sponders, achieved the target decrease in heart rate 
(mean 29 + 5%) and underwent the entire protocol. . 
The clinical characteristics of the 2 groups are listed in 
Table I. The only significant difference was age, since. : 
responders were younger than nonresponders (43 + 12 o 
vs 60 + 8 years, p <0.01). “ee 
Effect of phenylephrine in responders: This oun: : 
of 10 patients had frequent ectopic activity” during 
Holter monitoring (mean 25 VPCs/min, range 12 to 
34); in 9 of 10 patients couplets or salvos of nonsus- . 
tained ventricular tachycardia or both, were present _ 
(Table I). The coupling interval of ectopic beats was 
495 +55 ms. During the 10-minute control. period, 
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|. Blood pressure (mm Hg) 130 +19 161 + 22 160 + 22 ~<0.0001 
pa (108-175) (130-210) (130-210) l 
~~” Heart rate (beats/min) My AET 26 7427 <0.0001 NS 
baa i T (57-84) (42-60) (60-85) E 
+° Ventricular premature complexes (n%} 3828 © 0.2 + 0.6 -22 +10 <0.0001 0.003 
nO a m SAA aeg (23-50). (0-2) (0-33) . oO o a S 
~~ Coupling interval (ms) o 495 55. _ 481249 2° — © KS 
M a (420-600) (440-612) i 
Ee Apintena ms, 372418 = : 392 £ 17 _ 0.0008 
pa , | (350-404) | 


. ik that for each patient i in A and C, heart rates were rdia 





Pienas increased systolic blood- pressure 
m 130 + 19 to 161 +22 mm Hg (+24%) and dia- 
-stolic blood pressure from 80 + 7 to 102 + 14 mm Hg 
(427%), whereas heart rate decreased from 73 + 7 to 

_ 52 + 6 beats/min (—29%). During the reflex bradycar- 


dia, ectopic activity was completely suppressed (100% ) 
in 9 of 10 subjects; it was reduced by 94% in the re- 


maining patient. The mean number of VPCs decreased 
-from 38 + 8 to 0.2 + 0.6/100 beats (Table IT). 

Atrial pacing partially reverted this antiarrhythmic 

effect in 8 of 10 patients, whereas arrhythmia suppres- 


gion remained >80% compared with control values in 2 


oe patients (Figure 1). Mean VPC rate during pacing in- 
= creased to 22 + 10.5/100 beats (p <0.0001) but re- 
< mained still significantly suppressed compared with 
baseline values (—42%, p = 0.003, Table II). Two ex- 
< amples are shown in Figures 2 and 3. The coupling 
_ intervals of VPCs. remained unchanged (481 + 49 vs 
» 495 +55, p = not significant). 

=. >The QT interval significantly prolonged during 
phenylephrine compared with baseline values (392 + 
17 -vs 372 + 18 ms, +5.4%, p = 0.0008). 





Control Phe 








1° Values are expressed as mean + standard deviation; the range is indicated in parentheses, 
NS = not significant. 
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(359-414) - 


After cessation of the infusion of olicnylephiting: “ 
VPCs reappeared within 2 to 4 minutes. Their mean 
number was 39 + 10/100 beats and did not differ from 
baseline values. — 
Effect of phenylephrine in nonresponders: This 
group of 7 patients showed frequent ectopic activity 
during both Holter recording (22 + 8 VPCs/min) and 
the 10-minute control period before phenylephrine infu- 
sion (21 + 5 VPCs/min). Baseline systolic blood pres- 
sure (147 +20 mm Hg) and heart rate (80413 | 
beats/min) did not differ significantly from the values _ 
observed in the responders. ee 
During phenylephrine infusion (113 + 49 wg/min), - 


systolic blood pressure increased from 147+20 to _ 


188 + 25 mm Hg (+28%, p <0.0001) and diastolic 
blood pressure from 84 + 7 to 99 + 9 mm Hg (+18%, 
p <0.001), but heart rate decreased only slightly from 
80 + 13 to 74+ 11 beats/min (—7%, p = 0.06). The 
mean number of VPCs did not change (25 + 14 during 
phenylephrine vs 26 + 6 in control condition, p = 0.84). 
No patient had VPCs completely abolished; however, — 


they were reduced by >80% in 2 patients whose heart 



























HENYLEFHRINE HR 54; 
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-PHE+ PAGING: HR 72; BP 165/90 







: “FIGURE 2. Ventricular bigeminy and trigeminy in a patient 
> with ischemic heart disease. During baroreflex-induced brady- 
_.- eardia, ventriewlar premature complexes were abolished but 
A _ reappeared, although less frequently, when pacing was per- 
ent. BP = bloai pressure; HR = heart rate; PHE = phenyleph- 
rine. 
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The QT interval, at variance with what? was 0 
served among responders, remained unchanged i in these 


patients (368 + 22 ms during phenylephrine. ys 369 i 


+ 28 ms during baseline). The different behavior of the E 
QT interval in the 2 subgroups of patients. is shown i ino 2 
Figure 4. i 


DISCUSSION 


This study has demonstrated that phenylephrine i ine 
fusion may cause suppression of VPCs. This antiar- 
rhythmic effect is dependent on the activation of the 
baroreceptor reflex. The mechanisms involved are: (1) 
the reduction of heart rate, which plays an important: 
but not an exclusive role, as proven by the results ob- \. 
tained with cardiac pacing; and (2) the electrophysio- 
logic effects secondary to simultaneous vagal activation She 
and sympathetic inhibition. ee 

The baroreflex response induced by ahoan 
infusion mainly involves an increase in vagal activity at 
the cardiac level.1617 The discussion will therefore focus 
on the antiarrhythmic mechanism of vagal activation... 

Arrhythmia variability: The possibility that VPC- 
suppression could simply be the result of spontaneous: __ 
variability!® and not the consequence of the pharmaco-  - 
logic intervention was ruled out on the basis of several 
lines of evidence. First, mean VPC frequency was very 
high in each patient during both Holter recordings and 
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FIGURE 3. Frequent monomorphic 
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served during the protocol both before onset of reflex 
; vagal activation and after the washout of phenylephrine 
had been completed. Third, the antiarrhythmic effect 
vanished with disappearance of the Physiologic effect of 








"Role of the alpha-adrenersic effect of phenyleph- 


ve: VPC suppression was observed whenever a signifi- 






curred. No reduction in VPC number was achieved in 
patients whose heart rate was not reduced despite high 
loses of phenylephrine and significant blood pressure 
~~ elevation. This observation indicates that the antiar- 
rhythmic effect of phenylephrine is neither due to a di- 
rect a-mediated electrophysiologic effect!9.2° nor due to 

any other direct effect of the drug, but that it is secon- 
-dary to activation of baroreceptor reflexes. Similar in- 












oe ‘ferences. were drawn by. Waxman and Wald? in pa- 


tients. with ventricular tachycardia. In their study, the 
ability of phenylephrine to terminate a sustained ar- 
- — rhythmia was potentiated by edrophonium and reduced 
-by atropine, providing evidence that a reflex cholinergic 
“mechanism and not a direct a-adrenergic action was 
responsible for the antiarrhythmic effect. 

Role of heart rate and of vagal activation: Slowing 
of heart rate preceded or accompanied VPC suppres- 
sion in every patient, in agreement with previous anec- 

-dotal observations. 1%! 
The relative antiarrhythmic role of heart rate and of 
-= autonomic changes was clarified by the use of atrial 
pacing. When heart rate was restored to the preinfusion 
values, VPCs reappeared, but their mean number re- 
_. mained significantly lower than that observed in control 
» conditions. The persistence of a 40% reduction in VPC 
-= frequency, despite correction of bradycardia, indicates 
that the effect of heart rate on ectopic activity, al- 
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on neous abolition of octane pean was never results; this suggests that vagal ref Xi 


 maticity in dogs with complete heart block®; a de 


cant bradycardia, due to baroreceptor activation, oC- 


with. control. conditions, and this argues against th h 
| presence of a similar mechanism. : 










10ugh important, ei no 


arrhythmogenesis irrespective of changes 
This effect may be accomplished by modific: 
the electrical properties of ventricular tissues, pi 
larly automaticity and refractoriness. = 

Vagal stimulation can suppress idieventricular 
















clinical case has been reported showing that vag 
tivity may modulate idioventricular rhythm.‘ € Ino 
tients, the < coupling interval of VPCs remaine 
changed during: phenylephrine and p pacing con 


































Ventricular refractoriness is prolonged by vagal acti : 
vation,22-25 Taking circus movement reentry as a model 
for ventricular ectopy, it is reasonable to speculate that 
vagal activation could become antiarrhythmic by pro- 
longing refractoriness without changing conduction ve- 
locity, thus producing a bidirectional block. This effect 
is probably magnified during bradycardia, another fac- 
tor that prolongs refractoriness. These combined effects. 
may act synergistically, leading to a complete suppres- 
sion of VPCs when heart rate is allowed to decrease. 
during vagal activation. Similar mechanisms could be _ 
operative in the VPC suppression reported here and in _ 
the prevention of lethal arrhythmias observed among _ 
animals. and patients with well-preserved barorefia 
sensitivity after myocardial infarction. 2627 ce 

QT interval: A relatively small but significant pro- a 
longation of the QT interval was observed in there- 
sponders group, whereas no change was found in the — 
nonresponders. This suggests that prolengation of repo- 
larization takes place only in patients with an adequate __ 
baroreceptor response. This effect cannot be ascribed to 
a direct a-adrenergic action, which could potentially 
prolong action potential duration?° and repolarization,!? 


aeneanm 





o 
| O—-O responders _ 
@—-@ non responders. 









fluence of the afterload increase on the dura- 
f repolarization by way of a mechanoelectrical 
eedback?8 is probably irrelevant, because the change in 
d pressurz was similar in the 2 groups. 

“he mechanism for QT prolongation involves a re- 
ex vagal act-vation or a decrease in sympathetic activi- 
y, or both. The amount of QT prolongation (20 ms, 
5, 






































4%) is greater than the increments observed after 8 
| blockade i in several studies (7 to 9 ms) when heart rate 
was maintained constant by pacing.?9-3! This indicates 
that reflex cholinergic activation prolongs repolariza- 
- tion, as suggested by the effect of atropine on QT dura- 
tion after pre.reatment with propranolol.2?° The entity 
of QT prolor gation is probably explained by the con- 
_ comitant decvease of sympathetic activity operating in 
-the baroreceptor reflex." 
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The relation between left ventricular (LV) shape 

and functional mitral regurgitation (MR) was 

“ evaluated in 39 patients with congestive heart 

failure. Heart failure was due to coronary artery 

_ disease in 23 patients (group I) and to idiopathic 

< dilated cardiomyopathy in 16 (group Il). LV 
-shape was quantitated based on the ratio of LV 
major-to-minor axis and LV sphericity index cal- 
culated at end-systole and end-diastole. In group 
i, 9 patients had angiographic evidence of MR 
and 14 did not. In group Il, 10 patients had MR 
and 6 did not. Within each group, there were no 
differences between patients with and without 

MR with regard to LV chamber volume and re- 
gional segmental wall motion abnormalities. In 
both groups, however, a significant difference 
was observed between patients with and without 
MR with respect to end-systolic and end-diastol- 
ic LV shape indexes. In group I, the end-systolic 

»  major-to-minor axis ratio was lower in patients 

: _. with (1.42 + 0.04) than without (1.72 + 0.05) 

MR (p <0.001). Similar differences were ob- 

. -served in group Il (1.41 + 0.06 vs 1.69 + 0.04) 
(p <0.01). In group I, the end-systolic sphericity 
index was also greater in patients with 
(0.32 + 0.02) than without (0.25 + 0.01) MR 

` (p <0.02). Similar differences were observed in 
group Il (0.37 + 0.03 vs 0.26 + 0.01) (p <0.02). 

"These data indicate that in patients with severe 

~~ heart failure, functional MR is present in those 
who manifest a more spherical LV cavity. 
(Am J Cardiol 1991;68:355-—359) 
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lary to Either 


, itral regurgitation (MR) often develops in : 
M patients with heart failure despite the pres- 


ence of a normal mitral valve. The mecha- 
nisms of this functional MR are not fully understood. _ 
Traditionally, MR in patients with heart failure has _ 
been attributed to left ventricular (LV) dilatation. LV 
enlargement, however, can be associated with derange- _ 
ment of many of the integral components of the mitral — 
valve complex,? any one of which can lead to MR. Di- 
latation of the mitral valve anulus has received some _ 
attention as a possible mechanism of functional MR in | 
patients with heart failure.’ Boltwood et al? demon- _ 
strated that patients with dilated cardiomyopathy and 
auscultatory evidence of MR had a greater increase of 
mitral anular area than patients without auscultatory 
evidence of MR. However, other investigators have - 
failed to show a good correlation between the presence 
of functional MR and dilatation of the mitral anulus.4-6 
Papillary muscle dysfunction alone was shown not too- 
lead to MR unless accompanied by injury to the overly- 
ing LV wall.7-9 Perloff and Roberts? proposed an alter- 
native mechanism to explain MR in patients with heart 
failure, which is based on LV shape changes. The pres- 
ent study expands on this concept by examining the | 
relationship. between LV shape and functional MR in 
patients with heart failure due to either coronary artery 
disease or dilated cardiomyopathy. 


METHODS 

Patients: In all, 47 patients were studied. All pa- 
tients underwent cardiac catheterization for ventric- — 
ulography and coronary arteriography. Sixteen patients - 
had idiopathic dilated cardiomyopathy with angio- _ 
graphically normal coronary arteries, 23 had heart fail- 
ure due to coronary artery disease, and 8 had normal 
LV function and coronary arteries, and were used. 
controls. Of the 23 patients with coronary artery: 















| Angiographic Featu resin 
Coronary Artery Disease (group 
entsawith Dilated Cardiomyopathy (group I!) 











Group | 
(CAD) 


‘No. of patients. 8 23 16 
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Control (DC) 

























len/women 3/5 18/5 6/10 
eart rate (beats/min) 83+5 9142 9544 
lean aortic pressure (mm Hg) 10424 9443 97 44 
Vi Fo Stee Hg) 1442 22+2 21+3 
EF {' 7621 24+1 2241 
[7] 85+6 115+ 12 
11ż+7 147215 










AD = coronary artery disease; DC = dilated cardiomyopathy; ED = end-diastolic; 
= ejection fractais; ES = end-systolic; LV = left ventricular. 




























“geben Traction > 30%, (2) primary valvular heart dis- 
a ease includirg mitral valve prolapse, and (3) angio- 
a graphic evidence of LV aneurysm. 
a - Ventriculegraphy: A left ventriculogram was ob- 
a tained i in all patients in the right anterior oblique pro- 
-jection during the injection of 30 to 45 ml of contrast 
material (RENO-M-60, Squibb Diagnostics) and was 
recorded on :5-mm cine at 50 frames/s. Correction for 
_ image magnification was made with a calibrated grid 
placed at the level of the left ventricle. LV chamber 
volumes at erd-systole and end-diastole were calculated 
using the area-length method.'° The end-systolic and 
end-diastolic wolume indexes were calculated as the ra- 
tio of chamber volume to body surface area. LV ejec- 
= tion fraction was calculated as the ratio of the differ- 
= ence betweer end-diastolic and end-systolic volume to 
-end-diastolic volume. Premature beats and postextra- 
~~ systolic beats were excluded from the analysis. The 
presence and severity of MR was evaluated qualitative- 


s | TABLE It Leff Ventricular Ejection Fraction, Chamber Volumes and Shape Indexes in Control Subjects and in Group | and HH Patients 


With and Without Mitral Regurgitation 
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| uñ ‘aie arene pana A scale of 1: 





Ejection fraction (%) 761 2441 

ES volume itdex (mi/m?) 172l 86 +8 

ED volume amex (mi/m?) 7142 112 + 10 

ES axis ratic 2.19 + 0.04 1.72 + 0.05 

ED axis ratios 1.58 + 0.02 1.63 + 0.05 

ES sphericitaindex 0.14 + 0.01 0.25 + 0.01 
<a ED spherici* index f 0.25 + 0,01 


0.29% 0.02 















(moderate), 3+ (moderately severe) and ro (se 
was used to describe the severity of MR.! 
Quantitation of left ventricular shape: Two methods 
were used to quantitate global LV shape. In the first 
method, the shape of the left ventricle was quantitated 
from angiographic silhouettes based on the ratio of the- 
major-to-minor axis calculated at end-systole and end- ` 
diastole.'* As this ratio decreases (approaches unity), 
the shape of the left ventricle approaches that of a 
sphere. The second method is an adaptation of the — - 
sphericity index described by Lamas et al.!? The sphe-  _ 
ricity index was calculated at end-systole and end-dias- 
tole as the volume of the left ventricle divided by the 
volume of a sphere whose diameter is equal to the ma- — 
jor axis of the ventricle. As this ratio increases, the 
shape of the left ventricle approaches that of a sphere. 
- Quantitation of regional left ventricular wall func- 
tion: Segmental function of the LV wall was quantitat- 
ed in patients with heart failure using the area meth-- 
od.'* This analysis was performed to determine if LV 
segmental wall motion abnormalities were present to 
account for functional MR. The method divides: the 
end-systolic and end-diastolic ventricular silhouettes 
into 6 regions (anterobasal, anterolateral, anteroapical, — 
posteroapical, diaphragmatic and posterobasal). To de- 
fine these regions, perpendiculars were drawn from 
points that divided the major axis of the left ventricle 
into thirds.'5 All reference systems were applied to the 
end-systolic and end-diastolic LV silhouettes indepen- 
dently to correct for any motion of the heart in space 
except rotation.'4 The regional fractional area of short- 
ening was calculated as the difference between the local 
end-diastolic and end-systolic areas divided by the lo- 
cal end-diastolic area X100. The persons performing 





















Group li 
(DC) 












No MR 
6. 








10 





9 













2442 2342 Z2iz2  .: 

85 +8 109 + 24 119414. 
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rements | aid measurements “of LV. st 
: blinded as to the presence or absence of MR 
ly given patient. 

Data analysis: Patients with heart failure were di- 
vided into 2 groups. Group I consisted of 23 patients 
with heart failure due to coronary artery disease. Group 
II consisted of 16 patients with dilated cardiomyopathy. 
Each group was divided into 2 subgroups, namely those 
W ith and without MR. A third group consisted of 8 
co trol subjects. Comparisons within each group be- 
veen patients with and without MR were made using 
Student’s paired ¢ test. Intergroup comparisons were 
< based on a t statistic for 2 means. For both tests, a 
probability of <0.05 was considered. significant. All 
data are reported as mean + standard error of the 
= mean. 


RESULTS 
“None of the patients in the control group had angio- 


ap : graphic evidence of MR. Among group I patients, 9 of 


23 (39%) had 1+ to 3+ MR. Among group II pa- 
tients, 10 of 16 (63%) had 1+ to 2+ MR. The clinical, 
hemodynamic and angiographic features in normal 
subjects and in group I and II patients are listed in 
Table I. 

Left ventricular shape in patients with coronary ar- 
tery disease: In patients with coronary artery disease 
`- (group I), there was no difference in LV ejection frac- 
- tions, end-systolic and end-diastolic volume indexes 
- (Table II) or regional wall motion abnormalities (Table 

JEL) between those with and without MR. In contrast, a 
distinct difference was observed between patients with 
and without MR with respect to shape of the left ven- 
tricle. Patients with MR had a more spherical left ven- 
tricle than patients without MR. Figure | shows the 
-end-systolic and end-diastolic LV angiographic silhou- 

Settes in a control subject and in patients with and with- 


“gitation (MR) (CAD-No MR), a patient | 
_ with CAD and MR (CAD-MR), a patient 


MR (DC-No MR), and a patient with DC 
and MR SE e Note the more e spheri- 








ABLE NI Left Ventricular Region Ar 
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Diaphragmatic 643 "1323 17 #3. 14 
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CAD = coronary artery disease, DC = dilated cardiomyopathy; LY = : : left ventricul 


MR = mitral regurgitation. 
































axis ratio was significantly | lower in patients will 
(1.42 40.04) than without (1.72 +0,05) MI 
(p <0.001) (Figure 2). The end-diastolic major-to-mi- 
nor axis ratio was also lower in patients with MR 
(1.36 + 0.05 vs 1.63 + 0.05; p <0,01). Concordantly, — 
the end-systolic sphericity index was significantly high- oe 
er in patients with than without MR (0.32 +0.02 vs 
0.25 + 0.01; p <0.02) (Figure 2). The end-diastolic 
sphericity index was also higher in patients with MR 
(0.37 + 0.02 vs 0.29 + 0.02; p <0.01). Eee 
Left ventricular shape in patients with dilated car- _ 
diomyopathy: In group. II patients, there was also no | 
difference in LV ejection fraction, end-systolic and end- 
diastolic volume indexes (Table IT) or regional wall mo- 
tion abnormalities (Table III) between patients with 
and without MR. A distinct difference, however, was _ 
observed between patients with and without MR with 
respect to shape of the left ventricle. In this cohort of | 


CAD-No MR 


DC ~ No MR 








m- = a ae eae Ss -e e r o a 


patients, those with MR manifested a more spherical 
left ventricle than those without MR (Figure 1). 

In group M, the end-systolic major-to-minor axis ra- 
tio was sigrificantly lower in patients with (1.41 + 
0.06) than without (1.69 + 0.04) MR (p <0.01) (Fig- 
ure 3). The end-diastolic major-to-minor axis ratio was 
also lower in patients with MR (1.38 + 0.05 vs 
1.62 + 0.03; p <0.01 ). Concordantly, LV sphericity in- 
dex at end-systole was higher in patients with than 
without MR (0.37+0.03 vs 0.26+0.01; p <0.02) 
(Figure 3), and at end-diastole it was higher in patients 
with MR (040 + 0.03 vs 0.30 + 0.01; p <0.01). 


DISCUSSION 

Heart fañure resulting from myocardial infarction 
with significent loss of viable myocardium or from di- 
lated cardiomyopathy is often associated with transfor- 
mation of the shape of the LY chamber from that of an 
ellipsoid to ene that more closely approximates a 
sphere.'2:!© This shape change of the left ventricle has 
been shown to be intimately related to its perfor- 
mance.!:!3.!€18 In patients with dilated cardiomyopa- 
thy, a more spherical LV chamber was associated with 
higher end-systolic wall stress, an abnormal distribution 
of fiber shortening and a poor long-term survival. !%!718 
Patients who developed a more spherical LV chamber a 
few weeks afier acute anterior wall infarction showed 
significantly ower exercise capacity and a higher pro- 
pensity to develop heart failure than patients who devel- 
oped a lesser degree of LV sphericity.!? The present 
study describes yet another undesirable feature of LV 
shape changes. In patients with heart failure due to ei- 
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ther coronary artery disease or dilated cardiomyopathy 
and LV ejection fraction <30%, a more spherical LV 
chamber was associated with the presence of functional 
MR. The presence of MR was not related to LV 
chamber size, nor could it be accounted for by the pres- 
ence of regional LV wall motion abnormalities. 

In heart failure, the presence of functional MR is 
frequently attributed to 1 of 3 factors: LV enlargement, 
dilatation of the mitral anulus or dysfunction of the 
papillary muscles. The results of the present study dem- 
onstrate that LV enlargement alone does not account 
for the presence of MR. The relation between function- 
al MR and mitral anular dilatation was examined by 
Boltwood et al? in patients with dilated cardiomyopathy 
using quantitative echocardiography. They observed a 
greater increase in the anular area of the mitral valve in 
patients with auscultatory evidence of MR than in that 
seen in patients without evidence of MR. However, 
these investigators did not examine differences of LV 
shape in their patient population and its relation to 
MR. The importance of anular dilation in the etiology 
of functional MR in patients with heart failure is not 
shared by other investigators who also examined this 
possibility.24-® A cross-sectional echocardiographic 
study by Chandraratna and Aronow,° also in patients 
with dilated cardiomyopathy, showed that mitral anu- 
lar dilatation can in fact occur in these patients but that 
it did not correlate with the presence of functional MR. 
Bulkley and Roberts> suggested that dilatation of the 
mitral anulus is a rare cause of functional MR. Autop- 
sy data indicate that the mitral valve leaflets have a 
surface area that is nearly twice that of the anular 
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would b required to prevent leaflet coaptation. In the 
present. study, we did not address the possibility of mi- 
pel anular dilatation as a mechanism of functional MR 
because of inherent angiographic limitations for such 
n ne Obviously, our data do not exclude the 
yssibility that mitral anular dilatation can contribute 
‘the development of MR in patients with heart fail- 
re: However, these data provide compelling evidence 
changes of LV shape (increased LV sphericity) is 
important factor that must be considered in the eti- 
y of functional MR in patients with heart failure. 

© Clinical acceptance of an association between papil- 
lary muscle dysfunction and functional MR is wide- 
‘spread despite the lack of objective support. Studies in 
patients and in laboratory animals have shown that 










































F overlying LV wall, may not result in MR.2”* Godley et 
al? examined the association between papillary muscle 
dysfunction and MR in patients with prior myocardial 
-infarction and recent clinical evidence of papillary mus- 
cle dysfunction. Of 24 patients with echocardiographic 
evidence of incomplete closure of the mitral valve, 23 
-showed dyskinesia of the LV wall in the region immedi- 
ately surrounding | of the papillary muscles.? In the 
::- present study, we did not observe significant differences 
in LV segmental wall motion abnormalities among pa- 
-= tents with and without MR, which could account for 
the presence of functional MR. 
~The mechanism by which alterations of LV shape 
ean lead to MR is not clear, nor was an attempt made 
`> in the present study to elucidate such a mechanism. 
The explanations offered in reports by Perloff and Rob- 
.-erts?4 merit consideration. In the normally ellipsoidal- 
» shaped LV chamber, the position of the papillary mus- 
cles permits their contraction to exert a vertical force on 
the chordae tendineae. Application of this. force moves 
the mitral valve leaflets together during isovolumic con- 
traction and restrains their motion during LV ejec- 
 tion.24 Ina more spherically shaped ventricle, the pap- 
illary muscles undergo lateral migration and are no 
longer vertically aligned with the mitral anulus. In this 
! situation, the forces exerted on the leaflets through the 















n this baa, e anular dilatation n a tendineae becor in 


papillary muscle infarction alone, without i injury to the 











tical. This lateral tension may act to preven p 
of the leaflets and renders the valve incompe 
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MITRAL REGURGITATION 


Patients with Mild to Moderate Heart Failu 
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o evaluate the efficacy of enoximone on exer- 

ise tolerance in patients with mild to moderate 
heart failure, 33 patients underwent cardiopul- 
: monary exercise tests before and 3 hours after 
placebo or after receiving 25 or 100 mg of enox- 
-imone administered randomly in a double-blind 

: manner. T>e electrocardiogram was monitored 

and blood zressure measured every minute 





_ throughou~ cycle ergometer exercise testing with 


a ramp protocol in which the work rate increased 
-LW every 6 seconds after a 4-minute 20-W 


warm-up. Minute ventilation, oxygen uptake 


- (VQ2), and carbon dioxide output were measured 
every 10 seconds in order to determine anaerobic 
threshold (AT) and peak VO,. Five patients were 
~ excluded fram evaluation before breaking the dou- 
_. ble-blind key because of insufficient data. Heart 
= rate increased and systolic blood pressure de- 
<- ereased throughout the testing only in the group 
- taking 100 mg (n = 10). Significant increases in AT 
- (14.4 to 16.2 mi/min/kg) and peak VOz (20.8 to 
22.9 mi/mi=/kg) were observed in the group taking 
100 mg. The increases in AT showed a dose re- 
sponse, narrely +0.7% in the placebo (n = 9), 
+6.9% in the 25-mg (n = 9) and 12.5% in the 100- 
mg group. The work rates at the AT point in- 
= creased in the 25- and 100-mg groups. These re- 
- sults indicate that a single oral administration of 


--enoximone improves exercise tolerance in patients 


with mild tc moderate heart failure. 
(Am J Cardiol 1991;68:360--364) 





rom th the Seoors Department of Internal Medicine, Tokyo Medical 


o-Ku Tokyo, Japan, This study was siup P 


tors such as enoximone, amrinone and milri- 


T he acute effects of phosphodiesterase inhibi- $ : 


none on severe congestive heart failure are well- 
known!-3 and include improvement of hemodynamics ~ 
and exercise capacity.’ It is still unclear whether these 
drugs are beneficial for patients with milder heart fail- 


ure. One of the main goals of treatment for chronic ` 
heart failure without severe congestion is to improve w 





exercise capacity, with a consequent improvement in ` 
daily activity. There have been few well-controlled 
studies of the acute effects of enoximone on exercise _ 
capacity in patients with mild to moderate heart failure. 


We conducted this study to evaluate the acute effects of 
oral enoximone on exercise capacity by measuring an- 


aerobic threshold (AT) in patients with mild to moder- ae 


ate heart failure. 


METHODS 

Patients: Thirty-three patients (22 men and 11 
women, mean age + standard deviation 61 +8 years 
[range 48 to 75]) with chronic heart failure were en- 


rolled in the study. No patient had severe congestion on - 
chest x-ray or physical examination. Thirty-one pa- 
tients were in New York Heart Association functional - 
class I] and 2 were in class II. The underlying diseases __ 
were regurgitant valvular heart disease in 12 patients, — 


ischemic heart disease in 12, hypertensive heart disease 
in 5, dilated cardiomyopathy in 2, and other diseases in 
2. Patients with stenotic valvular heart disease, hyper- 


trophic obstructive cardiomyopathy, possible episode of 


angina pectoris, severe arrhythmias and anemia were 


excluded. 


Protocol: The patients were randomly allocated in a. : 


double-blind manner into 3 treatment groups: placebo, — : 
and 25 and 100 mg of enoximone. Cardiopulmonary _ 


exercise tests were performed before and 3 hours after ue 


administering the drug. All vasodilators and inotropes 


were withdrawn at least 1 week before exercise testing 
with the exception of digitalis and diuretic drugs, which 
were given after the second exercise test on the test day. 


_ Method of exercise oraa We fe used the t tamp. 









auistion. The patient’ was: s monitored 
oùt by a 2-lead electrocardiogram. (Stress Test 
mM L-8000, Fukuda Denshi, Tokyo, Japan), and ment using E peroral computer (NEC PES 0 
i cuff blood pressure was measured every minute (Stress boro, Massachusetts) with software develop oped : 
= Test Blood Pressure Monitor STPD-680F, Collin Den- laboratory. ps 
ee shi, Aichi, Japan). At the same time, expired gas anal- Determination of anaerobic threshold: Th 
-ysis was performed throughout the exercise using an point was determined visually by 4 experienced re 
Aerobics Processor 391 (Nihon Denki San-ei, Tokyo, ers before opening the key code of randomizatio 
Japan). The system was carefully calibrated before criteria used for determination of AT were: ( 
ach study, and oxygen uptake (VO), carbon dioxide VE/ VO: curve, which was either flat or decreasin 
utput (VCO)) and minute ventilation (VE) were mea- gins to rise as the VE/ VCO; curve remains. co aste 
ured every 10. seconds. The ventilatory equivalent for. decreases. (2) Gas exchange ratio, which was 
Or on /VO2), CO, (VE/ nome and gas exchange gently rising, cone to a ae slope. To dete 


2S ae TABLE I Background of Patients and Exercise Parameters Before and After Maa in Each Group" 


` Peak Exercise 


-Age (yr) Weight Height Causeof — _ = DS Fn SES 
& Sex (cm) . Diseases. NYHA Pre re Pre Pos i Post " Enoximone MDL-19,438 
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VO, at AT point, measured VO) was fitted to a linear 
regression lire and the value corresponding to AT was 
taken as VC- at AT value. Peak VO, was defined as 
the average VO, of the last 30 seconds of exercise. 

Blood concentration of the drug: The blood sample 
was obtainec 3 hours after administration of the drug 
in order to measure enoximone and its active metabo- 
lite, MDL-12,438, concentration. 

Statistical analysis: Statistical analysis was per- 
formed using the Student paired f test to compare base- 
line and measurements after drug administration, the 
chi-square test to compare patient characteristics in 
each group, and the U test for patients’ background 
data. Statistkal significance was at p <0.05 (2-tailed). 
Results are expressed as mean + standard deviation. 
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RESULTS 

Five patients were excluded from evaluation before 
opening key codes because of insufficient data. Evalua- 
tions were made in the remaining 28 patients, 9 in the 
placebo group, and 9 in the 25-mg and 10 in the 100- 
mg group. There was no significant difference in pa- 
tients’ background among these groups (Table I). 

Average heart rate did not change in the placebo 
and 25-mg groups throughout the exercise test. But in 
the 100-mg group, the average heart rate increased sig- 
nificantly from 72 to 85 beats/min at rest, from 88 to 
96 at 20-W warm-up and from 149 to 163 at peak 
exercise. Blood pressure showed no significant change 
in the placebo and 25-mg groups; however, in the 100- 
mg group, enoximone decreased systolic blood pressure 


Enoximone 100mg 





R P 
est 20w 40w Peak FIGURE 1. Ci in| vane 


(upper panel) and systolic blood 
pressure (lower panel) before and 
after administration of each drug. 
In the group taking 100 mg of en- 
oximone, heart rate increased and 
systolic blood pressure decreased 
during exercise testing. 


Enoximone 100mg 





Rest 20w 40w Peak 


O-=--0 Before 


O=——0 After 


* p< 0.05 
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by an average of 17 mm Hg at rest, 9 mm Hg at 
warm-up and 17 mm Hg at 40 W (Figure 1). 

The values of AT and peak VO, before and after 
administration are listed in Table I. No change was 
seen in AT in the placebo group. In the 25-mg group, 
AT increased from 13.0 to 13.9 ml/min /kg, not signifi- 
cant statistically (p = 0.13). A significant increase in 
AT was observed in the 100-mg group, from 14.4 to 
16.2 ml/min/kg (p = 0.0058). The increase of ATs 
showed dose response (chi-square = 0.066, Scheffe- 
type multiple comparison test), namely +0.7% in the 
placebo, +6.9% in the 25-mg and 12.5% in the 100-mg 
groups. Peak VO, was similar to AT. Only 100 mg of 
enoximone improved peak VO; significantly, from 20.8 
to 22.9 ml/min/kg (p = 0.029). 

The work rates at AT increased significantly in the 
25- and 100-mg groups, but not in the placebo group. 
The work rate at peak exercise remained unchanged in 
all groups (Table I). 

The ratio of increase in VO; to increase in work rate 
(AVO,/AWR) was determined by linear regression of 
VO) plots from 1 minute after the start of ramping up 
to the approximate midpoint between AT and peak ex- 
ercise. This ratio index reflects adequacy of oxygen de- 
livery to the working muscle. There was a rough rela- 
tion between percent change in AT and percent change 
in AVO>/AWR (Figure 2). 

The blood levels of enoximone and its active metab- 
olite, MDL-19,438, are also demonstrated in Table I. 
MDL-19,438 has one-sixth the potency of enoximone. 
There was no apparent relation between the degree of 
improvement in exercise capacity and plasma concen- 
trations of enoximone and its metabolite. 


DISCUSSION 

The goals of treatment for patients with heart fail- 
ure include improvement of their quality of life and 
prolongation of life. To achieve the former, improve- 
ment in exercise tolerance — and, by implication, eval- 
uation of drugs for heart failure by exercise testing — is 
particularly important in patients with mild to moder- 
ate heart disease as seen in this study. Because the in- 
dexes of cardiac function at rest do not adequately rep- 
resent functional capacity during exercise,’ assessment 
of capacity by exercise testing has gained increasing ac- 
ceptance in the evaluation of treatment. 

In 1964, Wasserman and Mcllroy® established the 
methodology for evaluating exercise capacity using AT 
in patients with heart disease. AT is an objective index 
that can be obtained safely from submaximal exercise 
testing, unlike maximal VO». Recently, we confirmed 
the basic validity of AT determined by respiratory gas 
exchange measurements’ in agreement with other in- 


-— Bei o CC F = ——_>= 


vestigators.!%!! Moreover, AT primarily depends on 
oxygen delivery to working muscle. This links it to the 
pathophysiology of heart failure. 

There has been only | report, to our knowledge, 
that evaluated the acute effects of a phosphodiesterase 
inhibitor on exercise capacity and AT. White et al? re- 
ported that intravenous infusion of milrinone improved 
AT acutely. But they enrolled only patients who had a 
hemodynamic response to milrinone infusion, and each 
patient’s effective dose was decided in advance of the 
exercise study. Our study is the first to prove the acute 
effects of a phosphodiesterase inhibitor on AT in mild 
to moderate heart failure patients with heterogeneous 
heart disease without any entry biases. 

The reason for the increase in AT is not entirely 
clear. The increase in AT with long-term treatment 
with milrinone was reported by Ribeiro et al.'* They 
suggested that the increased availability of oxygen to 
the exercising muscle due to direct vasodilation or with- 
drawal of sympathetic tone or increasing skeletal mus- 
cle oxidative capacity, or both, may be involved. In this 
study, it is improbable that there was an improvement 
in metabolic or oxidative capacity in the exercising 
muscle itself, such as an increase in number of mito- 
chondria, because AT improved within 3 hours of a 
single oral administration of enoximone. Enoximone 
has 2 pharmacologic components, inotropism and vaso- 
dilation. The failure of an arteriodilator like hydrala- 
zine to increase exercise capacity!* may be due to the 
blood flow redistribution to nonexerting organs or de- 
creased perfusion pressure to the working muscle, or 
both, even though cardiac output increased. Because 
patients in this study were mostly in New York Heart 
Association functional class II, their preload should not 
have been extremely high, and any venodilating action 
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FIGURE 2. Relation between the percent changes of anaero- 
bic threshold (AT) and the ratio of increase in oxygen uptake 
to increase in work rate (AVO2/AWR). There was a rough re- 
lation between these 2 parameters (y = 0.73x — 2.81, 

r = 0.42, p = 0.024). 
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E oe rate above which ‘ie ei ration 
entricular function occurs during incremental 
'4 There was a tendency for AVO2/AWR to 
in patients whose ATs. improved (Figure 2). 
X represents the degree of aerobic contribution 
orkizg muscle and has been reported to be re- 
‘many patients with cardiovascular disease.9:!5 
oxygen delivery cannot meet the demand for in- 
easing wors rate, AVO2/ AWR becomes smaller. The 
mprovemen: in AVO, /AWR with increasing AT by a 
ingle oral eroximone capsule suggests that its inotropic 
ction is benefiting the patient. Also, the increase in AT 
‘in this case was caused mainly by circulating i improve- 
ment, with minimal improvement in peripheral oxygen 
cuse- such as that gained through physical exercise. 
i Therefore, the rate of increase in AT expressed by VO, 
can be considered significant. 

= There hawe been reports that showed that enoxi- 
mone improved the acute hemodynamics but did not 
~ -produce sustzined benefit and was associated with a 
high mortalaty.!6 However, the doses used in those 
studies were high (1.7 to 19 mg/kg 3 or 4 times dai- 
_ ly'®), In our study, even 25 mg of enoximone increased 
the work race at the AT point, which suggests that 
there might be sufficient therapeutic effect even with 
such a low dose without adverse effects. 

: With regard to the optimal therapeutic dose of en- 
<- oximone, the results of the long-term effects of low- 
dose enoximene on exercise capacity, with a well-con- 
trolled study design, are needed to address this ques- 
tion. 
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review of 81 infants and children with dilated, 


Hae rly contracting left ventricles without associ- 
DA ated structural abnormalities was undertaken to 
- identify risk factors for poor outcome, which 

could be used in selecting candidates for cardiac 
< transplantation. Significant atrial or ventricular 

dysrhythmias, or both, were detected on presen- 

tation or during follow-up in 24 patients. Ar- 
rhythmias were present in only 8 of 51 survivors 

-> (169%) but were detected in 16 of 30 patients 
- (53%) who died (p <0.05). Patients dying sud- 

: ee a oe 
mented dysrhythmias (8 of 11, p <0.05). Left 
ventricular shortening fraction was similar in 
survivors and nonsurvivors (14.9 + 1.0% vs 
15.3 + 1.7%). Left ventricular end-diastolic 
pressure in 44 patients who had cardiac cathe- 
terization averaged 20.8 + 1.6 mm Hg. Left ven- 
tricular end-diastolic pressure was significantly 

- -higher in patients who died than in those who 

- survived (29.5 + 2.2 vs 15.0 + 1.6 mm Hg, 
p <0.001). Analysis of actuarial survival re- 
vealed that mortality was highest during the first 
6 months after presentation (19% mortality). 
Survival declined more gradually thereafter and 
was 70% at 2 years, 64% at 5 years and 52% 
after 11.5 years. Age at initial presentation did 
not have any significant impact on survival. 
However, left ventricular end-diastolic pressure 
- >25 torr was associated with a significantly in- 
creased mortality rate (p <0.05). Early cardiac 
transplantation should be considered in patients 
with markedly elevated left ventricular end-dia- 
-stolic pressure or complex atrial or ventricular 
arrhythmias. 
(Am J Cardiol 1991;68:365~—369) 
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ilated cardiomyopathy i is a generic desc 
of cardiac muscle disease charact 

dilated and poorly contracting left ventricl 
The clinical features and natural history have been well 
described in adults in whom the 1-year survival ranges 
from 65 to 70% and the 5-year survival declines to ap- 
proximately 50%.3-5 Severity of left ventricular dys- 
function, as measured by left ventricular end-diastolic — 
pressure, has been reported to be a significant prognos- _ 
tic indicator.’ In contrast, recent reports of infants and _ 
children with dilated cardiomyopathy have suggested _ 
that older age at onset is associated with higher mortal- 
ity, but these reports found no relation between echo- _ 
cardiographic or hemodynamic indexes of left ventricu- 
lar performance and survival.’ This report examines _ 
the clinical and laboratory features of children with di- 
lated cardiomyopathy in order to identify patients who _ 
should be referred for cardiac transplantation. 


METHODS 

Patient selection: The medical records of Childrens 
Hospital of Los Angeles were reviewed from January — 
1975 to June 1990 to identify patients presenting with a 
dilated, poorly functioning left ventricle in the absence ~ 
of congenital or acquired structural cardiac abnormali- - 
ties. Patients with known metabolic, toxic, collagen-vas- 
cular and neuromuscular causes of myocardial dysfunc- < 
tion and patients with clinical or laboratory features = 
consistent with acute myocarditis (positive viral cul- 
tures, characteristic increase in convalescent viral anti- 
body titers or histologic evidence of myocarditis® ob- 
tained by endomyocardial biopsy or necropsy examina- 
tion) were excluded. The date of initial presentation 
was defined as the first documentation of left ventricu- 
lar dysfunction rather than onset of symptoms since the 
latter was often vague. Family history, symptoms, 
treatment and clinical course were assessed. Labora- 
tory studies included chest radiographs, electrocardio- 
grams, echocardiograms, cardiac catheterization and 
endomyocardial biopsy data and serum carnitine con- 
centrations. Follow-up information was obtained from 
the outpatient records or from letters sent to the pa- 
tients’ parents and personal physician. Patients who. 
were e alve at their last o were listed as survi- 2 





TABLE | Rhy-nm Abnormalities in Patients with Dilated 
Cardiomyopatwy 


Arrhythmias 
Patient 


Status SR Atrial Ventricular Both Total 


All patients 
Alive 
Dead 
Heart failure 
Sudden dea bh 


p <0.05 arrhythmias in patients dying suddenly versus those with heart failure. 
SR = sinus rhythm. 





mated by lif=-table analysis using the variable inter- 
val (Kaplan-Meier) method.? Comparison of survival 
curves was serformed using the method of Green- 
wood! for calculating the standard error of interval 
survival. Clinscal and laboratory data were analyzed by 
unpaired Stuient’s ż test, multiple linear regression for 
continuous variables, and chi-square and Fisher’s test 
for discrete variables. A p value <0.05 was considered 
significant. 


RESULTS 

Patient profile: [n all, 81 patients (41 male and 40 
female patierts; mean age + standard deviation at ini- 
tial presentat en, 3.6 + 0.6 years; range | day to 19.9 
years) preserting with congestive heart failure were 
identified as kaving dilated cardiomyopathy. The mean 
age at presemiation was not significantly different in 
survivors cormpared with nonsurvivors (3.3 + 1.0 vs 
4.5 + 1.3, p =0.46). A family history of cardiomyopa- 
thy was confirmed in 11 patients, 7 of whom were boys, 
and was suspected in an additional 9 patients. 

Laboratory profile: Electrocardiography demon- 
strated left ventricular hypertrophy and ST or T-wave 
changes, or both, in 54 patients. Dysrhythmias (Table 
I) were detected on presentation or during follow-up 
in 24 patierts and included atrial flutter/fibrilla- 








tion (n = 4), supraventricular reentrant tachycardia 
(n = 4), frequent (Lown grade 2 to 4A) premature 
ventricular contractions (n = 14), nonsustained ventric- 
ular tachycardia (n= 1) and ventricular fibrillation 
(n = 5). Four patients had documentation of both atrial 
and ventricular arrhythmias. Rhythm abnormalities 
were present in only 8 of 51 survivors (16%). In con- 
trast, dysrhythmias were detected in 16 of 30 patients 
(53%) who died (p <0.05). Patients who died suddenly 
were even more likely to have had documented rhythm 
disturbances (8 of 11, 73%), whereas congestive heart 
failure was the predominant cause of death in patients 
without known dysrhythmias (p <0.05). Left ventricu- 
lar end-diastolic pressure was not significantly differ- 
ent in patients with or without rhythm disturbances 
(22.2 + 2.6 vs 20.7 + 2.0 torr, p = 0.69). 

The echocardiographically derived left ventricular 
shortening fraction on presentation was 14.9 + 0.9% 
and increased to 22.4 + 1.7% at the last follow-up eval- 
uation, The initial shortening fraction was similar in 
survivors and nonsurvivors (14.9 + 1.0% vs 15.3+ 
1.7%). There was a tendency for shortening fraction to 
improve in patients who survived compared with those 
who died (26.7 + 1.7 vs 19.6 + 4.6) but the difference 
was not statistically significant (p = 0.17). Left atrial 
or left ventricular mural thrombi were detected in 3 
patients. 

Left ventricular end-diastolic pressure was measured 
in 44 patients and averaged 20.8 + 1.6 mm Hg. Pa- 
tients who died had a significantly higher end-diastolic 
pressure (Figure 1) compared with those who survived 
(29.5+2.2 vs 15.0+1.6 mm Hg, p <0.001). Left 
ventricular end-diastolic pressure was >25 torr in 16 
patients; 11 subsequently died, 2 underwent cardiac 
transplantation and 2 are currently alive, | of whom is 
awaiting transplantation and | patient was lost to fol- 
low-up. Age at onset was weakly related to left ventric- 
ular end-diastolic pressure using multiple regression 


FIGURE 1. Left ventricular end-diastolic pres- 
sure (LVEDP) was measured in 44 patients at 


end-diastolic 
pressure was significantly higher in patients who 
died (p <0.001). Patients who were lost to fol- 
low-up or underwent cardiac transplantation are 
not shown. Means + standard error are indicat- 
ed. 
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analysis (r = 0.41, p <0.05). No other significant asso- 
ciation was noted between end-diastolic pressure and 
other clinical variables including shortening fraction 


> (r = —0.18) and dysrhythmias (p = 0.65). However, as 


1 


expected, an elevated end-diastolic pressure was direct- 
ly related to an increased pulmonary artery pressure 
(r =0.79) and inversely correlated with cardiac out- 
put (r = —0.60). 

Endomyocardial biopsies were performed in 28 pa- 
tients. Histopathologic findings included myofiber hy- 
pertrophy, necrosis and disarray, interstitial and endo- 
cardial fibrosis, vacuolization and “T” tubular, mito- 
chondrial and endoplasmic reticulum abnormalities. 

Serum carnitine concentrations were measured in 
16 patients and were low in 2. One child was treated 
with oral carnitine supplementation without significant 
improvement in left ventricular function. The other pa- 
tient was an infant who died <2 weeks after presenta- 
tion before the serum carnitine level was known. 

Therapy: All patients were treated with digoxin and 
94% received furosemide. Angiotensin-converting en- 
zyme inhibitors (captopril, enalapril) were administered 
to 33% of patients including most patients presenting in 
recent years. Intravenous inotropic agents (dobutamine, 
dopamine, amrinone) were administered on =1 occa- 
sion in 52%. Three patients were treated with antiar- 
rhythmic medications (lidocaine or quinidine, or both), 
Anticoagulation with warfarin was prescribed in 15 pa- 
tients. 

Follow-up and survival: Mean duration of follow-up 
for all patients was 3.5 + 0.5 years (range 0 to 15.5). 
Fifty-one patients were alive at the time of their last 
follow-up. Recent updated information could not be ob- 
tained in 14 of these patients and therefore they were 
considered lost to follow-up. Four patients underwent 
heart transplantation and remain alive. For the purpose 
of calculation of actuarial survival curves, their clinical 
data were included until they were withdrawn alive at 
the time of their last known evaluation or transplanta- 
tion. !! 

Twenty-four of the 47 surviving patients (who did 
not undergo transplantation) were reported to be im- 
proved at their last follow-up, i.e., either off all cardiac 
medications or asymptomatic with medication. Twenty- 
one patients receiving cardiac medications were alive 
and stable without overt clinical evidence of congestive 
heart failure but with mild to moderate exercise intoler- 
ance. Finally, 2 patients were reported to have chronic 
congestive heart failure despite medical therapy, 1 of 
whom is awaiting transplantation. 

Thirty patients died (37%) at a mean of 1.8 + 0.7 
years after onset. Mortality was highest during the first 
6 months of presentation (Figure 2). Eight patients 
died within 1 month (10% mortality) and 15 patients 
died during the first 6 months (19% mortality). Sur- 


vival decreased more gradually thereafter and was 70% 
2 years after onset, 64% at 5 years and 52% after 11.5 
years. The apparent large decrease in survival rate be- 
yond 11 years is the result of relatively few patients 
followed and represents only a single death at 11.5 and 
13.6 years, respectively. Survival was analyzed further 
by the patient’s age at the time of presentation (Figure 
3). Group | consisted of 53 patients who presented at 
age <2 years (mean survival 3.7 + 0.6) and group 2 
consisted of 28 patients who were aged >2 years (mean 
survival 3.3 + 0.9). The Kaplan-Meier survival curves 
for the 2 groups were similar throughout the follow-up 
period. The divergence noted after 11.5 years is exag- 
gerated by the small number of patients in each group 
but the difference in cumulative survival is not signifi- 
cant (p = 0.77). 

Actuarial survival for patients in whom left ventric- 
ular end diastolic pressure <25 torr was compared with 
that in patients with left ventricular end-diastolic pres- 
sure >25 torr (Figure 4). Cumulative survival rates 
were significantly lower in patients with markedly ele- 
vated left ventricular end-diastolic pressure over the 
first 5 years of follow-up (p <0.05). Thereafter, no sig- 
nificant differences were noted, but only 3 patients who 
had cardiac catheterization were followed >11 years. 


DISCUSSION 

The outcome for infants and children with dilated 
cardiomyopathy has been variable in previous reports. 
Greenwood et al!? reported a 50% cumulative survival 
at 15 years in a large group of children with “primary 
myocardial disease” followed for a mean of 3.4 years. 
However, they included heterogeneous. diagnoses such 
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FIGURE 2. Actuarial survival in 81 patients with dilated car- 
diomyopathy. The highest mortality occurs within the first 6 
months of presentation with a somewhat slower decline in the 
cumulative survival rate over the next 1.5 years. Beyond 2 
years, survival decreases slowly but progressively. The num- 
ber of patients remaining alive during the interval are indicat- 
ed. The standard error of the cumulative survival is indicated. 
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as myocarcitis, nonobstructive hypertrophic cardiomy- 
opathy anc endocardial fibroelastosis. Taliercio et al® 
reported a much smaller group of 24 patients with idio- 
pathic dilat=ji cardiomyopathy who were followed for a 
mean of 2.= years. Survival at 2 years was only 50% 
and decline= further to 34% by 5 years. However, only 
4 patients were included at the 5-year follow-up inter- 
val. Althougn their analysis suggested that survival may 
be worse in elder children, the difference was not statis- 
tically signi «cant. Recently, Griffin et al’ reported that 
children aged >2 years at presentation had a particu- 
larly high mortality with <20% survival 2 years after 
onset. In aGeition to age at onset, other risk factors for 
poor outcome included persistent cardiomegaly and 
ventricular arrhythmias. These observations, if con- 
firmed, have important clinical implications, namely 
that childrez with dilated cardiomyopathy presenting at 
age >2 yeers should be considered for early cardiac 
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transplantation. However, as in the report from the 
Mayo Clinic, the number of patients included in their 
series was relatively small. In all, there were 32 patients 
but only 12 children aged >2 years at onset. 

The current series of 81 infants and children ap- 
pears to be the largest recent report of pediatric pa- 
tients with dilated cardiomyopathy. The mean duration 
of follow-up was 3.5 years, with 32 patients alive at 5 
years and 20 patients surviving between 6 and 11 years. 
Age at the time of presentation did not appear to be a 
significant predictor of outcome. Survival decreased 
most rapidly during the first 6 months in both age 
groups and continued to decline progressively over the 
next 1.5 years. Thereafter, there was a low but continu- 
ing attrition rate. 

In contrast to previous reports of pediatric patients, 
marked elevation in left ventricular end-diastolic pres- 
sure appeared to be a significant risk factor for mortali- 


(22 yrs) 


FIGURE 3. Actuarial survival in patients with di- 


lated analyzed by age at onset. 
Solid line represents 53 infants in group 1 who 


(< 2 yrs) 
between the 2 groups (p >0.46). 


FIGURE 4. Actuarial survival in 44 patients 
who underwent cardiac catheterization. Four 


transplantation withdrawn 
alive at the time of transplantation. Solid line 
represents 16 patients in whom left ventricu- 
lar end-diastolic pressure was >25 torr, and 
thin line indicates 28 patients in whom left 
ventricular end-diastolic pressure was <25 
torr. The difference between the 2 groups is 

from 6 months to 5 years after on- 
set. *p <0.05. 
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ghe risk for poor outcome. . Whether aiher load-inde- 
€ dent echocardiographic indexes of left ventricular 
formance are better predictors of outcome remains 
determined. a GS 
The development of significant ieda or r atrial 
_ arrhythmias, or both, appears to be an additional risk 
factor for poor outcome. Patients with documented 
_ dysrhythmias have a significantly increased risk of dy- 
, ing irrespective of antiarrhythmic therapy. Griffin et al’ 
¿reported that 71% of their patients who died had 
-© known. complex atrial or ventricular arrhythmias, or 
both. The exceedingly high mortality in their patients 
_. aged >2 years may have been due, in part, to the de- 
velopment of ventricular arrhythmias in nearly all. This 
study confirms these observations and suggests that the 
development of arrhythmias predisposes patients with 
-dilated cardiomyopathy to sudden death, Despite the 
apparent similarity in left ventricular end-diastolic pres- 
= -sure in patients with and without rhythm abnormalities, 
the development of atrial flutter/fibrillation or high- 
7 -grade ventricular dysrhythmias may be an additional 
-indicator of deteriorating ventricular performance. 
~The 1-year survival for all pediatric heart transplant 
patients approaches 80% and is higher if neonates are 
_excluded.'4 Currently, the 5-year survival is approxi- 
mately 60%. Our data suggest that the 1- and 5-year 
z survival for all pediatric patients with dilated cardiomy- 
` opathy, irrespective of age of onset, is approximately 75 
- -and 65%, respectively, Therefore, there does not appear 
to be a compelling reason to proceed with very early 
cardiac transplantation in pediatric patients with dilat- 
ed cardiomyopathy based on age alone. In contrast, the 
+ and 5-year survival in our patients with a markedly 
elevated left ventricular end-diastolic pressure was ap- 

















brillation or complex ventricular arrhythmias places pa- 


be used as an additional criterion for consideration of ; 
| transplantation. | 

















ered within the first l to 3 manths after initial g hee 
tion if it is to have a favorable impact on the 
decline in the survival rate observed during the 
year. Furthermore, the development of atrial flutter / 








tients at an ‘increased risk of dying suddenly and. may 
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] pey-Proved Myocarditis and Borderline oe 
Viyocarditis on Left Ventricular Function | Son 


Steven R. Jones, MD, Ahvie Herskowitz, MD, Grover M. Hutchins, MD, 
and Kenneth L. Baughman, MD 





Twenty patients with decreased left ventricular 
(LV) function and endomyocardial biopsy-proved 
myocarditis (9 patients) or borderline myocardi- 
tis (11 patients) were studied to determine 


-whether these 2 histologic subsets of patients 


with inflammatory heart disease differed in their 
response tz a 6- to 8-week course of immuno- 
suppressive therapy. All patients received a regi- 
men of prednisone, 1.0 mg/kg/day, and azathio- 
prine, 1.5 mg/kg/day, followed by repeat endo- 


: myocardia! biopsy and reevaluation of LV 


function. LY function improved significantly in 
the group with borderline myocarditis, as as- 


-sessed by LV stroke work—end-diastolic volume 


ratio (0.26 + 0.17 to 0.54 + 0.31 kg - m - ml-t, 


Lo p <0.02), heart rate corrected velocity of circum- 


ferential shortening (0.49 + 0.30 to 0.80 + 0.29 
circ -s~!, p <0.05), and LV ejection fraction 


(0.30 + 0.15 to 0.47 + 0.13, p <0.05). LV end- 


diastolic and end-systolic volume indexes also 
decreased significantly from 129 + 40 to 
94 + 38 (p <0.05) and 90 + 37 to 49 + 26 ml 


<- (p <0.02), respectively. No significant change in 
- these indexes of LV function or volume occurred 


in the myocarditis group. Whereas salutory im- 


| provements in cardiac output and filling pres- 


sures were found in both groups, objective im- 
provement in LV function assessed by comple- 
mentary incexes of contractility was greatest in 
the borderiine myocarditis group. 

it is concluded that short-term immunosup- 
pressive therapy improves LV contractile func- 
tion and appears to be associated with regres- 


gion of ventricular dilatation in patients with bor- 


derline myecarditis to a greater extent than 


patients with myocarditis. These data suggest 
: j the patents with borderline myocarditis 


From the Divisien a: of Cardiology of the Department of Medicine and the 
Dey artment of Pathology, the Johns Hopkins Hospital, Baltimore, 
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may benefit from immunosuppressive therapy 


and should he considered Tor Wichision ki cubes: 
quent trials of immunosuppressive therapy in 
myocarditis. 

(Am J Cardiol 1991;68:370-—376) 


panel of 8 pathologists met in 1984 to es-. 
A tablish standardized criteria for the histologic 


diagnosis of myocarditis (the Dallas criteria).! 
The goal of the proposed classification scheme was to 
develop a simple, reproducible set of working histo- 
pathologic diagnostic criteria, stressing the importance 


of both inflammatory infiltrates and histologic evidence 


of myocyte damage in the diagnosis of myocarditis. : 


Specifically, the investigators define myocarditis as “a` 
process characterized by an inflammatory infiltrate of- 


the myocardium with necrosis or degeneration of the 
adjacent myocytes not typical of ischemic damage asso- 
ciated with coronary artery disease.” Myocardial in- 


flammatory infiltrates without evidence of concomitant 


myocyte damage are termed borderline myocarditis un- 


der this classification. 


A number of previous reports anecdotally described- 
clinical improvement in patients treated with immuno- 


suppressants?$; however, consistent histologic criteria 
have not been applied for patient selection in these 
reports and immunosuppressive therapy has not 
been standardized. Although the Dallas criteria provide 
guidelines for the diagnosis of myocarditis at initial en- 
domyocardial biopsy, objective criteria for selection of 


See T 


patients to receive immunosuppressive therapy remain J 
largely undefined. This is in large part due to the pauci-. 
ty of data defining the natural history of myocarditis — 


and correlating initial biopsy histology with therapeutic 
response to immunosuppressive therapy. To date, im- 
munosuppressive therapy has not been prospectively 
compared with placebo in the treatment of myocarditis, 
an essential comparison since spontaneous recovery . _ 


may occur with only supportive care. F urthermore, it i 
unknown whether: the current nt Dallas cr criteria classifi 
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present study was to determine whether a diagnosis of 
myocarditis versus borderline myocarditis by the Dallas 
criteria predicts a differential response to immunosup- 
pressive therapy in a cohort of patients with recent-on- 
set congestive heart failure. 


METHODS 

Patients: Between January 1983 and January 1987, 
185 patients underwent percutaneous right ventricular 
endoymocardial biopsy as part of an evaluation of new- 
onset congestive heart failure. Twenty patients were 
found to have either myocarditis or borderline myocar- 
ditis. All patients presented with new-onset heart fail- 
ure, and at the time of study had evidence of persistent 
stable left ventricular (LV) dysfunction despite conven- 
tional therapy with diuretics, digoxin and frequently 
captopril. LV dysfunction was defined as abnormal LV 
function on 2-dimensional echocardiography or radio- 
nuclide gated blood pool LV ejection fraction <0.40. 
Confirmatory evidence of depressed LV systolic func- 
tion at right-sided cardiac catheterization included car- 
diac index <2.50 liters - min~!-m~?, LV stroke work 
index <50 kg-m-+m7?, or abnormal LV filling pres- 
sure with mean pulmonary capillary wedge pressure 
>12 mm Hg. 

The initial histologic diagnosis of myocarditis or 
borderline myocarditis was made by unblinded routine 
clinical examination of hematoxylin-eosin-stained en- 
domyocardial biopsy specimens. Four to 6 tissue speci- 
mens were submitted at each biopsy procedure and 
were fixed in 10% buffered formalin. Examination of 
endomyocardial biopsy specimens in our laboratory in- 
volves step-sectioning typically at 7 levels so that most 
of the paraffin-embedded tissue block is examined. Sec- 
tions are then processed for routine hematoxylin-eosin 
staining. For the purpose of this study, biopsy speci- 
mens of patients with either myocarditis or borderline 
myocarditis at initial evaluation were reviewed by 2 


tory cells typical of myocarditis; B, typical inflammatory infiltrates 


cardiac pathologists in a blinded fashion using the 
guidelines established by the Dallas criteria for the as- 
sessment of initial biopsy specimens.' Semiquantitative 
assessment of overall severity of cellular inflammatory 
infiltration (extent of infiltrate score) was graded on a 
scale of zero (no infiltrate) through 3 (most severe in- 
flammation). Inflammatory cell counts were made at 
X400 magnification using a 236 X 236 um graticule. 
The counts for 25 randomly chosen fields per specimen 
were averaged and normalized to an area of 1.0 mm2. 
Inflammatory infiltrates were characterized by inflam- 
matory cell type and focality. Inflammatory infiltrates 
were considered present when interstitial polymorpho- 
nuclear or mononuclear round cells were closely applied 
to the myocytes in either a diffuse or multifocal pattern 
not typical of ischemic myocardial damage. Myoctye 
injury was defined as in the Dallas criteria as either 
frank necrosis of >1 myocyte (Figure 1A) or cellular 
disruption with lymphocytes closely applied to the cell 
surface. Borderline myocarditis was defined as the pres- 
ence of inflammatory infiltrates in the absence of myo- 
cyte damage (Figure 1B). 

All patients underwent initial evaluation including 
history, physical examination, routine hematology and 
serum chemistries, screening for collagen vascular dis- 
ease, pheochromocytoma and thyroid function abnor- 
malities. Coronary arteriography was performed in pa- 
tients aged >40 years. Right-sided cardiac catheteriza- 
tion was performed at the time of both initial and 
follow-up biopsy. Cardiac outputs were obtained in 
triplicate with <10% variability using a standard ther- 
modilution technique. Percutaneous endomyocardial bi- 
opsies were performed with the Stanford-Caves biop- 
tome using standard technique. 

Seventeen of the 20 patients had technically ade- 
quate initial and follow-up M-mode and 2-dimensional 
echocardiography. Standard M-mode determinations 





fund in myocarditis. A, evidence of myocyte damage with cost applied infarnma- 
of borderline myocarditis 


without attendant myocyte damage. 
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LV end-diastolic volume. This ratio is an estimate of 
preload recruitable stroke work, an index of LV con- 
tractility exhibiting diminished load dependence with- 
out decreased sensitivity to changes in contractility. !0 
LV stroke work was calculated from thermodilution 
stroke volume and pressures obtained at right-sided 
cardiac catheterization using standard methods. 

In contrast to LV stroke work, velocity of circumfer- 
ential shortening and ejection fraction are largely insen- 
sitive to changes in preload, but exhibit afterload de- 
pendence. Because systemic vascular resistance index, 
an index of afterload, remained essentially unchanged 
in both groups with therapy, these parameters were 
used without further correction. Combined evaluation 
of contractile state with indexes of complementary load 
dependence was performed to limit the potentially con- 
founding effect of changing loading conditions on the 
assessment of LV function. 

After initial evaluation all patients were treated with 
a 6- to 8-week course of prednisone, 1.0 mg/kg/day, in 
divided doses, and azathioprine, 1.5 mg/kg/day. On 
completion of the high-dose regimen, LV function was 
reassessed with right-sided cardiac catheterization and 
echocardiography, and endomyocardial biopsy repeat- 
ed. Prednisone doses were tapered over the following 6 
to 8 weeks. Two weeks after discontinuation of predni- 
sone, azathioprine was discontinued. All patients un- 
der went biweekly follow-up study, including complete 
blood counts. Prednisone doses were not altered during 
the high-dose regimen; azathioprine dose adjustment 
was made only for management of uncomplicated neu- 
tropenia occurring in | patient. The results of the initial 
and follow-up hemodynamic and echocardiographic as- 
sessments are summarized in Table I. 

Patients were retrospectively grouped on the basis of 
the blinded evaluations of the initial endomyocardial bi- 
opsy. Statistical comparisons within groups were made 
with the Wilcoxon matched pairs test. Comparisons be- 
tween groups were made with the Mann-Whitney U 
test. Nonparametric statistics were used because of 
small sample size and failure for many variables to be 
normally distributed as required for valid use of para- 
metric tests. Proportions were analyzed with the chi- 
square test. Comparison of the 2 pathologists’ histologic 
rating scores was made with linear regression. The val- 
ues of the histologic variables used for analysis repre- 
sent the average of both readers’ scores. Statistical sig- 
nificance was achieved when 2-tailed p values were 
<0.05. Group means are expressed as mean + standard 
deviation. 


RESULTS 

On initial biopsy, 9 of the 20 patients had foci of 
myocyte damage in addition to myocardial inflamma- 
tory infiltrates diagnostic of myocarditis. The remain- 





ing 11 patients had borderline myocarditis. The clinical 
characteristics of the groups with myocarditis and bor- 
derline myocarditis did not differ significantly. Mean 
time from onset of symptoms to biopsy was similar, 
7+6 (n=5) weeks in the patients with myocarditis 
and 7 + 4 (n = 7) weeks in the patients with borderline 
myocarditis (p = not significant [NS]). In the remain- 
ing patients either an insidious onset of symptoms or 
inability to accurately recall first symptoms prevented 
determination of time elapsed from onset of symptom- 
atic illness to initial biopsy. Mean captopril dose in- 
creased significantly during the course of therapy in the 
myocarditis group, 35 + 31 to 44+ 47 mg (p <0.01) 
but did not change significantly, 31 445 to 27 +32 
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(LVSWI/LVEDVI, bottom panel). Significant improvement is 
obtained with therapy only in the group with borderline myo- 
carditis. NS = not significant. 
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mg, in the borderline group. On review of the patient 
records, all captopril dosage increments occurred as 
a result of dose titration for control of hypertension 
during predrisone therapy. Systemic vascular resistance 
index did ret change significantly with therapy in 
the myocarcitis group (2,807 + 477 vs 2,785 + 1,108 
dynes -s+-cn~>+-m? [p = NS]) or the borderline 
group (3,172 +685 vs 2,911 +856 dynes-s-cm7>- 
m? [p = NS) despite the change in captopril dose. 
Echocardiography: Calculated LV volumes de- 
creased signJicantly in the borderline group but re- 
mained unchanged in the myocarditis group. Mean ve- 
locity of circumferential shortening increased signifi- 
cantly in the borderline group (0.49 + 0.30 to 0.80 + 
0.29 circ +s (p <0.05]) but remained unchanged with 
therapy in the myocarditis group (Figure 2, top). Left 
ventricular esection fraction increased from in the bor- 
derline group (0.30 + 0.15 to 0.47 0.13 [p <0.03]), 
and remained essentially unchanged in the myocarditis 
group (0.28 + 0.13 to 0.33 + 0.10) (Figure 2, middle). 
Hemodynamics: The hemodynamics of the myocar- 
ditis and borderline myocarditis groups did not differ 
significantly at initial evaluation. Pulmonary capillary 
wedge pressure decreased significantly in the myocardi- 
tis group; however, it decreased to a lesser extent, only 
approaching statistical significance with treatment in 
the borderline group. Pulmonary capillary wedge pres- 
sure decreased on average to normal with therapy in 
both groups, but again a significant change of slight- 
ly larger magnitude was observed in the myocarditis 
group. Heart rate tended to decrease with therapy in 
both groups, but was of statistical significance only in 
the myocarditis group. Cardiac index increased to a 
similar exten- in both groups, but reached only border- 
line significamce in the myocarditis group (p = 0.06). 
LV contractility, assessed by the LV stroke work- 
end-diastolic volume ratio, increased significantly from 
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FIGURE 3. Corposition of inflammatory infiltrates at baseline 
and after therany. 








0.26 + 0.17 to 0.54+0.31 kg-m-ml~! (p <0.02) in 
the borderline group; however, it increased to a lesser 
and statistically insignificant extent in the myocarditis 
group from 0.25+0.18 to 0.41 +0.17 kg-m-ml7! 
(Figure 2, bottom). This result is corroborated by simi- 
lar differences between the 2 groups in echocardio- 
graphic ejection phase indexes, 

Histology: Assessment of the histologic sections for 
the presence or absence of myocyte damage occurred 
with an initial consensus on 39 of 40 biopsy samples. 
Consensus was reached on independent review of the 
remaining biopsy specimen. Good correlation between 
the 2 pathologists’ ratings of extent of infiltrate 
(r = 0.65, p = 0.002) and inflammatory cells per mm? 
(r = 0.60, p = 0.006) were obtained. Myocyte damage 
was found in 11 of 40 biopsy samples. Two patients 
with myocarditis at initial biopsy had ongoing myocyte 
damage at the time of the follow-up biopsy. 

Initial biopsy specimens in the myocarditis group 
had histologic findings consistent with more severe 
inflammatory reaction than found in the borderline 
group. Initial cell counts were significantly greater 
(p <0.01) in the myocarditis group and were signifi- 
cantly reduced with therapy, decreasing from 884 + 
385 to 587 + 211 mm™! (p <0.01). Inflammatory cell 
counts were only slightly reduced with therapy in the 
borderline group, from 421 + 226 to 348 + 201 mm”! 
(p = NS). The extent of infiltrate scores paralleled the 
inflammatory cell counts, with significant reduction in 
extent scores in the myocarditis group, 1.9+0.6 to 
0.9 + 0.4 (p <0.01). The borderline group had lower 
initial extent scores without significant change with 
therapy, 1.3 + 0.6 to 0.8 + 0.7 (p = NS). 

The fraction of patients with diffuse interstitial in- 
flammatory infiltrates did not differ significantly be- 
tween the groups either before or after therapy. Mixed 
polymorphonuclear and lymphocytic infiltrates predom- 
inated in the initial biopsy specimens of the myocarditis 
group (7 of 9 patients), In contrast, only 1 of 11 pa- 
tients in the borderline group had a mixed lympho- 
cytic polymorphonuclear infiltrate at initial biopsy (p 
<0.003). After completion of therapy, patients with 
myocarditis tended to have lymphocytic infiltrates simi- 
lar to the borderline patients who received treatment. 
No significant change in the composition of the inflam- 
matory infiltrate occurred with therapy in the border- 
line group (Figure 3). 

Complications of therapy: I[nsulin-dependent ste- 
roid-induced diabetes developed in 2 patients and was 
managed throughout the course of therapy without dif- 
ficulty. One patient had an episode of psychosis possi- 
bly secondary to the initiation of steroid therapy. Up- 
per gastrointestinal bleeding requiring medical manage- 
ment occurred in | patient concurrently treated with 
oral anticoagulant therapy. Neutropenia complicated 
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5 ( cllulitis w was attributed to ‘eae in | 
-patient and responded to antibiotics and withdrawal of 

azathioprine. Mild arthralgias were reported by several 
“patients and were self-limited. One patient developed a 
ey mild proximal myopathy which resolved on withdrawal 
of prednisone. The incidence of these complications did 
-not differ significantly between the 2 groups. There 
were no deaths or irreversible complications attribut- 
le to the immunosuppressive regimen used in this 







“The present study represents the largest reported se- 
-ries of patients with histologically demonstrated myo- 
carditis using the Dallas criteria for diagnostic classifi- 
<< cation undergoing prospective evaluation for objective 
_J response to immunosuppressive therapy. Nevertheless, 
the relatively small size of our study would be insuffi- 
cient to reach a statistical end point in a comparison of 
<- Immunosuppressive therapy versus placebo. All patients 
inur study received a standardized immunosuppres- 
- sive regimen of azathioprine and prednisone of equiva- 
Jent dose and duration. Response to therapy was as- 
“sessed by several indexes of myocardial contractility as 
well as measures of overall cardiac performance. Con- 
tractile function was evaluated with indexes of comple- 
-mentary or minimized load dependence,!® reducing the 
- likelihood of error in the assessment of contractile func- 
tion. Concordant changes occurred in all contractility 
_ indexes. Small sample size may limit the sensitivity of 
- — this study to detect subtle changes in the end point vari- 
ables; nevertheless, the multiple contractile indexes used 
-should provide reliable assessment of contractile state. 
| Both the myocarditis and borderline groups demon- 
* strated clinical improvement with immunosuppressive 
therapy. Indicators of overall cardiac performance im- 
-proved similarly in both groups with therapy. Further 
assessment of the response to therapy by indexes 
-of myocardial contractility, velocity of circumferential 
` “shortening, ejection fraction, and stroke work-end-dia- 
-stolic volume ratio, demonstrated significant improve- 
ment in the borderline group and no significant change 
in the myocarditis group. The contribution of conven- 
ae tional therapy with diuretics, captopril and digoxin to 
this difference in outcome is likely small since all pa- 
_ tients received similar regimens that had been stabilized 
before initiation of protocol therapy with prednisone 
and azathioprine. | 
The improvement in contractile function in the bor- 
A derline group was obtained without significant change 
A in the mean ae count or ier oa in the baie aa a 
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ty of histologic findings. at routine light 1 mic 
assess the contribution of more subtle imm 

to myocardial dysfunction, particulark 
line group where these lesions may predom 
al markers have identified either the prese 
ing viral activity in the myocardium, ! +! deposition 0 
immunoglobulin,'? or specific autoimmunity to myo 
cardial antigenic determinants!* including the adenin 
nucleotide translocator,!5 and cardiac myosin!® in pa 
tients with inflammatory heart disease. Autoimmunit 
to these determinants may explain the ventricular sys- 
tolic dysfunction observed in borderline myocarditis. 
without overt histologic myocyte damage. In the mu- 
rine model of viral myocarditis, a progression of myo- = 
cardial injury patterns ranging from extensive myocyte 
damage with intense cellular infiltration of the myocar- = 
dium in early viral infection to a later phase of chron- 
ic myocardial inflammation where cellular infiltration = 
without evidence of ongoing histologic myocyte damage 
may be observed.'”"!? By analogy, human myocarditis 
and borderline myocarditis may represent 2 points 
along a temporal continuum of 1 disease process, with 
dilated cardiomyopathy as a late sequela.”° 

If borderline myocarditis represents a phase of sub- 
acute to chronic myocardial autoimmunity,'© it would 
follow that patients with this lesion should derive great- 
est benefit from immunosuppressive therapy. Our re- 
sults support this hypothesis, confirming the findings of 
earlier studies+”° in which greatest improvement oc- 
curred in patients with low-grade chronic myocardial 
inflammation. 

Parillo et al*! described the response of patients with 
chronic dilated cardiomyopathy without evidence of 
myocarditis with a mean duration of 8 months to a 
course of high-dose prednisone versus placebo. Fifty 
nine percent of the 102 patients enrolled were defined 
as “reactive” by evidence of myocardial gallium-67 up- 
take, elevated erythrocyte sedimentation rate, or by im- 
munoglobulin, complement, fibroblastic or lymphocytic 
infiltration of the myocardium at initial endomyocar- 
dial biopsy. At the 3-month end point, mean LV ejec- 
tion fraction increased 5.5% in the prednisone-treated 
group versus 2.3 percent in the placebo group (p= 
0.035); however, this modest response was not sus- 
tained at 9 months, at which time deterioration of LV 
ejection fraction occurred in both groups. The Parillo 
study considers substantially different myocardial pa- 
thology, and is not directly comparable to our study | 
with respect to immunosuppressive therapy in myocar- ` 
ditis; rather, it underscores the potential importance of 


anterven eon oe m a of chronic diat 





l ifocal i lin nature. A reben Epon rt by H Hauck 





a scores the importance of sampling error in 
“the interpretation of initial endomyocardial biopsy un- 
-der the Dallas criteria guidelines. They performed mul- 
tiple postmartem biopsies of the right ventricular apex 
using a standard bioptome, and subsequently compared 
ìe results ef these endomyocardial biopsy specimens 
with those ef conventional postmortem sections of right 
“and LV myecardium in patients with known myocardi- 
< tis. Mean lymphocyte counts per square centimeter cor- 
-related wel between endomyocardial biopsy and con- 
-> ventional hzstologic slices (p <0.0001); however, false- 
negative biopsy specimens from the right ventricle 
~ ranged from 83% with 1 specimen to 37% with 10. 
-. Furthermore, of the 38 patients with autopsy-proved 
< myocarditis. endomyocardial biopsy-demonstrated 
myocarditis. was found in only 24 (63%), with border- 
-line myocarditis in 6 (16%) and no diagnostic findings 
in 8 (23%). Similarly, Dec et al?? found myocarditis in 
4 of 6 patents with borderline myocarditis at initial 
endomyocardial biopsy who underwent subsequent re- 
peat biopsy. The results of these studies suggest that at 
least one-third of patients with myocarditis by Dallas 
criteria may be missed or incorrectly diagnosed as hav- 
ing borderlize myocarditis because of the inherent limi- 
tations of esdomyocardial biopsy. 

The histelogic and hemodynamic findings in our 
study suggesi that borderline myocarditis may be a sep- 
arate pathokgic entity, potentially responsive to immu- 
nosuppressive therapy and analogous to the murine 
model of mvocarditis. Furthermore, many patients with 
myocarditis »y Dallas criteria may be incorrectly given 
a diagnosis of borderline myocarditis at initial endo- 
myocardial biopsy because of sampling errors. For 

_ these reasons, we believe that immunosuppressive ther- 
< apy in borderline myocarditis deserves further investi- 
= gation. Our Endings reemphasize the limitations of con- 
~~. ventional histologic methods and the need for improved 

< techniques for the assessment of myocardial inflamma- 
tion and auteimmunity. 
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Indexes of left ventricular (LV) diastolic filling 


- were measured by pulse Doppler echocardiogra- 
E phy in 16 asymptomatic morbidly obese patients 
| presenting for bariatric surgery and were com- 
pared with an age- and sex-matched lean control 
_, population. No patient had concomitant disor- 
| ders known to affect diastolic function. All pa- 

-> tients had normal systolic function. LV wall 
-thickness and internal dimension were measured 
-in order to calculate LV mass. Fifty percent of 

morbidly obese patients had LV diastolic filling 

abnormalities as assessed by the presence of 22 
abnormal variables of mitral inflow velocity. The 

-ratio of peak early to peak late (atrial) filling ve- 

<- locity was significantly decreased in obese com- 

pared with control patients (1.16 + 0.26 vs 

1.66 + 0.30, p <0.001). The peak velocity of 

-< early LV diastolic filling was significantly re- 

_ duced in obese patients (75 + 15 vs 98 + 19 

cm/s, p <0.001). The atrial contribution to 

_ stroke velocity as assessed by the time-veloc- 

_ ity integral of late compared with total LV 

diastolic filling was significantly increased 

_» in obese patients (36 + 7 vs 27 i 4%, p <0.001). 

Obese patients had significantly increased LV 

mass (214 + 45 vs 138 + 37 g, p <0.001), even 


when corrected for body surface area (95 + 16 


-vs 76 + 16 g/m?, p <0.002). However, increased 
LV mass did not correlate with indexes of abnor- 
mal diastolic filling in obese patients. These data 
` suggest that abnormalities of diastolic function 
occur frequently in asymptomatic morbidly 
-obese patients and may represent a subclinical 
-form of cardiomyopathy in the obese patient. 
(Am J Cardiol 1991;68:377~381) 
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lar (LV) dysfunction was first recognized overa 
half century ago.! Subsequent clinical and nec- 
ropsy studies have documented the existence of a car- 
diomyopathic state associated with morbid obesity. 24 
Congestive heart failure is a frequent occurrence in the ae 


T he association between obesity and left ventricu- - 





obese patient and is a leading cause of death in the 


morbidly obese.*6 Despite this observation, relatively _ : - - _ 
few studies have been performed on diastolic or con- 
tractile function in the obese. Obesity is associated with 





a variety of conditions such as atherosclerosis, diabetes 


mellitus, respiratory disease and systemic hyperten- 


sion’! that can affect LV function. Thus, it may be - a 


difficult to assess the solitary effect of obesity on myo- 
cardial function. We examined a cohort of young, 
asymptomatic, morbidly obese patients clinically free of 
these conditions for evidence of LV systolic and diastol- 


poke 
hese 


ic dysfunction using M-mode, 2-dimensional and con- == 


ventional pulsed Doppler techniques. 


METHODS 


Patients: Sixteen morbidly obese patients (> 100% 2 : 
or >100 Ib [45 kg] over ideal body weight) present- 


ing for gastric bypass operations were compared with 
21 lean age- and sex-matched control subjects. Ideal 





weights were established according to the Metropolitan - 


Life Insurance Company Relative Weight Value!! and — 


converted to metric units. 


Patients were selected who met the following crite. 
ria (to ensure the exclusion of conditions known to af- 








fect diastolic function): (1) age <50 years; (2) noclini- — 
cal history of angina pectoris or myocardial infarction; —— — 
(3) no history of chronic systemic hypertension (blood —— 
pressure >140/90 mm Hg); (4) normal resting electro; 
cardiogram with a normal PR interval; (5) adequate2- 


dimensional and pulsed Doppler echocardiographic ex- 


amination without evidence of valvular disease; (6) 


heart rate at time of Doppler study between 60 and 100 


beats/min (rates outside these limits alter diastolic in- 
flow)!?; (7) absence of significant pulmonary disease _ 
(resting oxygen saturation >90% or lack of significant 
restrictive or obstructive defects on pulmonary function 
’ tests, and no evidence for right ventricular dysfunc- 

| oulmonary Hypertension by 2-dimensional m 
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Doppler echocardiography); and (8) normal fasting 
blood sugar and no history of diabetes mellitus. 

A histcry of cigarette use, hypercholesterolemia 
(cholesterol >240 g/dl), and family history of heart 
disease was attained. All patients were normotensive at 
the time o` examination (124/70 mm Hg in control 
subjects vs 128/76 mm Hg in obese patients). Three 
patients were taking theophylline preparations and 4 
were taking diuretics. 

M-mode: and two-dimensional echocardiographic 
examination: Two-dimensional guided M-mode exami- 
nations were obtained with an IREX Meridian system 
utilizing a 3-MHz transducer. Echocardiograms were 
* obtained atend expiration.!? Measurements of the in- 
ternal dimensions of the left ventricle in diastole and 
-systole as well as the thickness of the ventricular sep- 
tum and tke posterior wall were obtained according to 
“the Penn convention.'4 The measurements were record- 
ed just distæ to the tip of the mitral valve leaflets at the 
ynset of the QRS complex on a simultaneously record- 
ed electrocardiogram. Mean values were obtained from 
3 cardiac cycles using caliper measurements rounded to 
fhe nearest: millimeter. 

i = LV mas was estimated from septal and posterior 
: wall thickre esses and LV internal ee | in dias- 
tole using Rei 
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NS <0.001 <0.001 


left ventricular; NS = not significant; O = obese subjects. 





(LVIDd)*] — 13.6, where VS = ventricular septum, — 
PW = posterior, LVIDd = LV internal dimension in | 
diastole. LV mass calculated in this fashion correlates 
well with anatomic measurements!* and is sufficiently a 
reproducible. LV mass was divided by body surface 
area to derive LV mass index. 

Doppler echocardiographic examination: Doppler 
ultrasound interrogation was obtained with an IREX 
Meridian scanner equipped with a 3-MHz phased-ar- 2 
ray transducer. Mitral inflow velocity was recorded « 
from the apical window, and the greatest velocity of 
diastolic flow distal to the mitral valve anulus was ob- 
tained. Doppler signals were recorded at a paper spee 
of 75 mm/s. The wall filter was set at 0.2 m/s to allor 
optimal identification of D and F points and signals 
noise ratios. Mitral inflow patterns were ayal with. 
a Sony Cardiologic System. 

To minimize interobserver variability in the Doppler 
measurements, tracings of 23 cardiac cycles with: th 
highest velocity of early LV diastolic filling were al 
lyzed and averaged. Peak transmitral flow velocity 
measured i in centimeters sp — at the e darkest 
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-to peak and duration of early diastolic flow normalized 
for heart rate.!6 

i Diastolic time-velocity integrals v were derived by dig- 
zing the area under the diastolic velocity envelope. 
\e early and atrial filling periods were empirically di- 
vided at the onset of atrial flow as previously de- 
scribed.’ 17 The ratio between early and late contribu- 
_. tions to diastolic filling and the proportion of LV dia- 
-stolic filling due to atrial systole were then derived. 
Normal limits for these variables were defined as 
the 95% confidence limits of the distribution of control 
values (+2 standard deviations). To ensure a greater 
_ degree of accuracy in distinguishing between normal 
and abnormal inflow patterns, diastolic. profiles were 
-S - considered abnormal in a given subject when >2 inde- 
. pendon variables were beyond normal limits. 


























RESULTS 
-Clinical characteristics: There were 13 female and 3 
a male morbidly obese patients aged 22 to 46 years 
<- (mean 38). Their mean body weight was 128 kg (range 
99 to 139). On average, the obese patients were 128% 
_. and 73 kg over their ideal body weight. All lean control 
patients fell within the range for ideal body weight ac- 
_ cording to the Metropolitan Life Insurance Company 
_ charts. Both obese and control patients had low cardiac 
-risk profiles. In the obese group there were only 5 
_ smokers and 3 subjects with a significant family history 
of premature coronary disease. No obese patient had 
~~ elevated serum cholesterol values. 
Echocardiography: Adequate 2-dimensional and 
real-time Doppler echocardiograms were obtained in all 
37 patients. However, in 2 obese subjects, M-mode 
"measurements could not be obtained to assess LV mass. 
a Doppler variables of diastolic function for the control 
. = group fell within the normal limits previously deter- 
-mined in other laboratories.!7!8 No control subject had 
me LV hypertrophy (wall thickness >11 mm). 
Mean variables for posterior and septal wall thick- 
3s ; were increased in obese patients (10.4 and 10.1 vs 
.6 and 7.4 mm, respectively). Six of 16 obese patients 
ad LV hypertrophy by echocardiographic criteria. 
Only 1 of these 6 had LV enlargement (internal dimen- 
“sion >5.6 cm) consistent with eccentric hypertrophy. 
CLV mass index was significantly increased in obese 
-compared with control subjects (95 + 16 vs 76 + 16 
/m?); however, no obese patients had an absolute in- 
rease in LV mass index (>135 and >112 g /m? in 
i en and women, tespoctivoly):" 19 All l pati no 


























Ot time to fan hes diastolic flow: and (7) ti tinie : oe Table I. The early peak velocity was “signif 1 
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nal shortening ( {age 38%). No 
es were seen in either group. 
Doppler values of LV diastolic functi 











ly reduced in obese patients (75415 vs 98 
cm/s), whereas atrial peak velocity was not signifi 
ly changed (66 + 12 vs 60 + 12 cm/s). The ratio be 
tween early. and late flow-velocity peaks was sig 
cantly reduced in the obese group (1.16 0.2 
1.66 + 0. 30). ‘The slope. of early diastolic flow-v 









































trol subjects (3.24 0.8 vs 5, 0 + 14 m/s?). 
The proportion of filling during different ph 
diastole as assessed by time-velocity integrals was also : 


Control | 


Obese 





FIGURE 1. Ratio of peak early to peak late or atrial filing ve- 
locities (E/A) in 16 obese patients and 21 control subjects. = 
Two dots intercepted by bar, mean valies: crosshatches,>2. 
standard deviations below mean value for control group. 
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FIGURE 2. Percent of ort contributio 















‘atri filling combined with a diminished 
A integral of ay a de was seen in ised 









































: on vs I bal a ne to account for any of the afore- 
eens f aooe There were also ı no w dif- 


\ alies did r ret differ i in obese subjects aking diuretics. 
= Imal, 8 of 16 obese patients (50%) had 22 inde- 
< pendent abnormal variables for diastolic function. The 
-2 most sensi-rve variables of diastolic function were ear- 
~~ ly and late flow-velocity peak ratio, and percent contri- 
© bution of atrial to total diastolic filling (Figures | 
cand 2). Fift percent of obese patients had abnormally 
-> diminished zarly and late flow-velocity peak ratios, 
whereas 56% had abnormally high fractional filling 
< during atria. systole. 
: Variables of abnormal diastolic function correlated 
“poorly with measurements of LV mass or wall thick- 
ness. Only Z of 6 obese patients (33%) with LV hyper- 
trophy by wall thickness criteria had abnormal diastolic 
filling parameters. Additionally, only 1 of 4 patients 
with the hignest LV indexes had altered diastolic filling 
parameters. 

By regression analysis, LV mass calculation corre- 
lated only vith early diastolic flow-velocity peak slope 
(r = 0.76; ¢ <0.05). Paradoxically, greater LV mass 
was associated with more “normal” rates of decelera- 
tion of early transmitral flow. All other parameters of 
diastolic fillimg correlated in only a weak inverse fashion 
with LV mess measurements (r = —0.16 to —0.40; val- 
ues p = not significant). 





DISCUSSION 
In the present study, significant abnormalities of LV 
diastolic filling were found in 50% of asymptomatic 
morbidly obese patients compared with lean controls. 
-_ Abnormalitses in LV diastolic filling could not be at- 
-tributed to abnormal systolic function or other condi- 
_ tions knowr to impair diastolic filling. Diastolic dys- 
function occurs in the morbidly obese patient indepen- 
_ dent of the development of systemic hypertension, with 
-little or no correlation to LV hypertrophy. As diastolic 
abnormalities may antedate contractile impairment, 
-noninvasive assessment of obese patients may identify 
those'a at rist for the eeepc of ee cardio- 






















‘volume and restin 


ncreased time- veloci. T car 
~ relate with indexes of obesity. Resting heart rat 


ie cantly ¢ elevated to account for diastolic abnormalities. 






changed. Systemic vascular resistance decre: 
normotensive obese patient and is either norr 
vated in the hypertensive obese patient. Preload 4 
chronically increased in obesity, leading to chamber. di 
latation and hypertrophy to normalize wall stress. = 

A circulatory congestive state may occur, but its 
physiologic basis is not well understood. Altered LV. = 
chamber compliance has previously been implicated ino 
the pathophysiology of congestive heart failure in obese 
patients. Abnormal LV diastolic pressure volume rela 
tions have been documented in obese subjects with c 
gestive symptoms and prominent LV hypertrophy: 20 a 

Relatively little is known regarding diastolic func- ae 
tion in obese patients without cardiac symptoms. De- 
Divitiis et al?! suggested that obesity is an important .. 
determinant of diastolic filling. They observed reduced 
LV compliance in 10 asymptomatic morbidly obese — 
subjects. Both LV end-diastolic pressure and A-wave> 
amplitude showed a positive correlation with weight in 
obese patients. : 

Recently, Egan et al?* found that relative weight - 
was the single best predictor of peak filling rate as as- ` 
sessed by radionuclide ventriculography. In mildly hy- 
pertensive patients, relative weight was a better predic- 
tor of diastolic function than was LV mass or wall 
thickness. Relative weight also correlated significantly 
with indexes of LV hypertrophy. 

Our study suggests that LV diastolic filling abnor- 
malities are common in obesity and bear little relation . 
to LV hypertrophy. The relation between LV hypertro- . 
phy and diastolic function appears variable and com- 
plex. Although several studies suggest that wall thick- 
ness and LV mass are the prime determinants of dia- \_ 
stolic filling,” diastolic dysfunction may be found in. - 
hypertensive patients without significant LV hypertro- 
phy.2° Additionally, elite athletes with “physiologic” 
hypertrophy may have normal or “supranormal” dia- 
stolic filling.*° 

The relation between obesity and diastolic filling is — 
not well understood. Although the association of myo- _ 
cardial fatty infiltration with obesity is well recognized, _ 
it is not a prominent finding at autopsy (3° 
dence).*? Similarly, the correlation of diastoli 
malities and LV hypertrophy was poor in our ud 
Altered loading conditions are also unlikely to b 
sponsible. Elevated preload is to be expected | in obes 
patients, which would augment early filling.28 As” 
pertension was absent and diastolic chamber size wa 
normal in our patients, afterload was likely not signifi 
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of multiple cardiac cycles. Accordingly, our control val- 
P ues of diastolic filling were similar to those reported 
~~ from other laboratories.'7:'8 Furthermore, the credibil- 
-ity of the Doppler technique is enhanced by requiring 
multiple independent indexes for the definition of ab- 
normal LV filling. 
`<- The Doppler technique may ‘ie he limited by the 
absence of an adequate apical window to assess trans- 
itral flow. Doppler indexes may be affected by load- 
conditions or heart rate, but these values were sim- 
in control and obese patients. In fact, obesity 
js associated with increased preload, which may in- 
-crease early peak transmitral velocities.2” Thus, the re- 
duced early peak velocities noted in our obese subjects 
_4 were present despite potentially higher levels of preload. 
(This could indicate a potentially more profound de- 
` rangement in LV relaxation or chamber stiffness. En- 
-hanced preload may in fact explain the positive correla- 
tion between early diastolic flow-velocity peak slope and 
LV mass. 
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=q he benefits of thrombolysis for treatment of cor- 
© onavy thrombosis and acute myocardial infarc- 
L- tion are unequivocal. The only credible mech- 
anism by which thrombolysis confers benefit is re- 
canalizatior of thrombotically occluded infarct-related 
arteries. Ezrly recanalization can salvage jeopardized 
-= ischemic BE Later recanalization may dimin- 
=> ish subsequent arrhythmogenesis, enhance ventricular 
© remodeling. facilitate collateral perfusion, and augment 
healing evey if it does not salvage initially jeopardized 
ischemic m,ocardium. Because recanalization is pivot- 
al, because salvage of myocardium is critically depen- 
dent on the brevity of ischemia preceding reperfusion, 
and because salvage of myocardium is the dominant 
determinan: of benefit conferred by thrombolysis, the 
overall clineal efficacy of coronary thrombolysis de- 
¿pends on the rapidity of induction of recanalization and 
its. persistence. 

Despite -àe consensus that has emerged, some ques- 
tions remais to be resolved, particularly those relating 
to relative =ficacy of specific agents, optimal dosing 
regimens ard essential conjunctive regimens. 

It had been anticipated that the combined Gruppo 
Italiano per lo Studio della Sopravvivenza nell’Infarto 
Miocardio ““3ISSI)-2 and International Tissue-Type 
Plasminoger Activator /Streptokinase Mortality Trial, 
in which tissie-type plasminogen activator (t-PA) was 
compared with streptokinase with or without subcuta- 
neous hepar.a, would clarify some of these issues. How- 
ever, since te study was designed in 1987, a consider- 
able amoun: of new information has become available 
that influenzes interpretation of results. The need for 
vigorous, eazy anticoagulation (currently with intrave- 
nous heparia’ has been recognized and clarified, partic- 
ularly with respect to maintaining the initially high pa- 
- tency rates cicited with second-generation thrombolytic 
agents. 
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PATHOPHYSIOLOGY AND GENERAL 
MANAGEMENT OF ACUTE MYOCARDIAL — 
INFARCTION eae 
Acute transmural myocardial infarction is saii é 
caused by thrombotic occlusion of a coronary artery, 
often at the site of rupture of an atherosclerotic plaque a 
in a major epicardial vessel.' Increased shear forces in __ 
blood flowing through high-grade stenoses and activa- ae 
tion of platelets and blood coagulation stimulated by « 
subendothelial collagen and tissue factor in atheroscle- 
rotic plaques are likely to contribute to thrombosis. — 
Thrombin formed converts fibrinogen to fibrin and ac- 
tivates factor XIII, which cross-links fibrin and stabi-  — 
lizes the clot. It also leads to positive feedback of the 
coagulation cascade by activating factors V and VIII. 
Factor Va in conjunction with factor Xa and calcium in 
association with platelet membrane phospholipids form = 
a prothrombinase complex that generates more throm- — 
bin. , 
Overall management of patients with acute myocar- 
dial infarction encompasses measures designed to di- 
minish myocardial oxygen requirements such as reduc- 
tion of afterload with arterial vasodilators, preload with 
nitrates and diuretics, and heart rate with 6-adrenergic 
blocking agents, analgesics and antipyretics.? Enhance- 
ment of myocardial oxygenation is critical, however, 
and best achieved by restoration of perfusion to jeopar- ^, 
dized, ischemic myocardium, generally by pharmaco- — 
logic coronary thrombolysis. This modality involves 2 — 
types of ancillary measures. We refer to adjunctive 
therapy as interventions targeted toward reducing myo- `> 
cardial injury (such as calcium antagonists, oxygen- 
centered free radical scavenging, and reduction of myo- 
cardial oxygen requirements). We use the term con- | 
junctive to refer to treatment designed to potentiate _ 
thrombolysis itself by accelerating or augmenting. th : 
extent of clot dissolution, preventing or retarding reoc 
clusion, or both. Conjunctive therapy, then, is designed 
to increase the rapidity of thrombolysis, increase th 
frequency of recanalization, and sustain patency after 3 
initially successful recanalization. Results of several 
large clinical trials support the hy pothesis that. overa 
recanalization rates are highest among. patients treate 
















































































culating protein that associates with fibrin, is activated 


:- -to form plasmin, a proteolytic enzyme. Initial attempts 
t to induce thrombolysis clinically involved first-genera- 
-7> tion thrombolytic agents such as streptokinase and uro- 

_ kinase. These agents are nonspecific in the sense that 
they convert circulating plasminogen as well as throm- 
bus-associated plasminogen to plasmin with equal alac- 
rity. Thus, they induce degradation of diverse circulat- 
‘oteins secondary to plasminemia. First-generation 
gents induce high plasma concentrations 
degradation products, while depleting 
ations of circulating fibrinogen, plasminogen, 
es procoagulant proteins, and a antiplasmin (phenomena 
referred to in aggregate as a systemic lytic state). 
The ‘fibrinogen degradation products exert anticoagu- 
oe lant and antiplatelet effects and may predispose to 

. . bleeding, diminish the likelihood of early thrombotic 
-= «'Teocclusion, or both. 

Second-generation thrombolytic agents: After the 
isolation and purification of t-PA in pharmacologic 
quantities by Collen et al,’ it was shown that t-PA and 
-- -other so-called second-generation agents preferentially 
~-eonvert plasminogen associated with thrombi to plas- 

-> min, thus inducing clot lysis with only modest plasmin- 
emia. Degradation of circulating proteins, including 
.-procoagulants necessary for hemostasis, is minimal as 

_ » well. The property of relative clot selectivity is the hall- 
mark of the distinction between first- and second-gen- 
~ eration agents. Among the former are streptokinase, 
oe urokinase, and anisoylated plasminogen streptokinase 
- -activator complex. Among the latter are t-PA and sin- 

~gle-chain urokinase plasminogen activator. Clot selec- 

tivity has several other implications as well. 
PLASMINOGEN STEAL: Plasminogen in plasma is in 

equilibrium with plasminogen in the fibrin domain, Ac- 

cordingly, marked consumption of plasma plasminogen 

. such as that induced with first-generation agents leech- 
= e$- fibrin-associated plasminogen from the thrombus 
“into the blood. Consequently, conversion of clot-associ- 

ated plasminogen to plasmin may be limited, and the 

rapidity and frequency of recanalization may be atten- 
-=> uated. This phenomenon has been termed “plasmino- 
gen steal”.”? In contrast, induction of clot lysis with 
© — second-generation agents that preferentially interact 
-< with fibrin-associated plasminogen can proceed without 
_ marked reduction of circulating plasminogen. Thus, po- 
tential diminution of sustained, intense fibrinolysis can 
< be avoided. This disparity may account in part for the 
more rapid and more frequent recanalization seen with 
E s versus first-generation agents. 

























 PROCOAGULATION SECONDARY 19 
THROMBOLYSIS D ae eS 
TE mbolysis can paradoxically ir initiate ct 

ne coggiilation: system and platelets.* T 





patients treated with placebo. was 1 l 8% compared 





seen y thrombolytic agents can activate coag 
tion factor V.? Procoagulant effects of- plasm 
been recognized also by assay of fibrinopeptide 
product of action of thrombin on fibrinogen. Elev 
concentrations of this peptide have been detected 
plasma of patients given fibrinolytic agents, reflec 
concomitant induction of procoagulant effects an 
eration of thrombin activity.!-!2 Concentrations 
brinopeptide A increase with administration of 
kinase!! or t-PA.!° However, the increase induce ee 
PA is much less pronounced. ae. 

Procoagulant effects of fibrinolytic agents m 
by plasmin have been documented under diverse c co 
tions in vitro and in vivo.!3-!5 Because second-genera 
tion agents elicit much less plasminemia than first-ge: 
eration agents, they are less likely to induce thrombin. 
formation. Conversely, first-generation agents that in- 
duce substantial amounts of plasmin elicit greater pro- 
coagulant effects, reflected by elevation of fibrinopep- 
tide A, and thus give rise to formation of significantly _ 
greater amounts of thrombin. This may explain, in 
part, the more rapid and more frequent induction 
of recanalization with second- versus first-generation 
agents. a 
It seems clear that the clinical efficacy of coronary 
thrombolysis depends not only on the intensity and per- 
sistence of fibrinolysis per se, but also on inhibition of | 
prothrombotic phenomena. The net effect of coronary — 
thrombolysis depends on the relative impact of the in- 
duced lytic activity, early procoagulant effects depen- 
dent on plasmin and thrombin released from the lysing _ 
thrombus, the thrombogenicity of underlying athero- 
sclerotic lesions, the adequacy of heparin-induced anti- 
coagulation, and the extent of endogenous anticoagula- 
tion caused by plasmin-induced hypocoagulation and 
high concentrations of fibrinogen degradation products. 





THERAPEUTIC OBJECTIVES 3 

Optimal thrombolytic regimens should induce lysis- 
rapidly and sustain. patency. Second-generation agents. 
induce recanalization more rapidly and more often than’ 
first-generation agents as judged from the results of the 
Thrombolysis in Myocardial Infarction trial, phase 116 
and European!’ trials in which 90-minute patency rates 
for patients treated within 3 hours of the onset of symp- 
toms were 81% for t-PA and 55% for streptokinase. As_ 
judged from data compiled from studies of more than. 
42,000 patients (excluding those in the GISSI-2-t- 
PA /Streptokinase International trials [see later]), paral- 
lel differences in mortality are seen with second- co 
pared with first-generation agents. 18 Early mortal 



















































Da ytic agents nor eas exert direct ef- 

ts on washed platelets in the presence of physiologic 
concentratiors of calcium.?!2? It may therefore reflect 
` thrombin act-vity secondary to procoagulant effects me- 
diated by plasmin.23 Recanalization can be accelerated 
and augment=d not only by inhibition of clot-associated 
az antiplasmix ,4 but also by conjunctive administration 
_ of indirect- or direct-acting antithrombin agents such as 
heparin or hecudin, an experimental recombinant an- 
tithrombotic agent.*>-?’ This is consistent with the view 
that unopposed prothrombotic effects of plasminogen 
activators retard and impair thrombolysis, and that 
platelet activeion reflects induction of thrombin activi- 
ty secondary <9 procoagulant effects of plasminogen ac- 
~-tivators and tz release of thrombin from clots undergo- 
ing lysis. 
<> In view of these observations, the clinical efficacy of 
«coronary thrembolysis will be enhanced by (1) intense 
induction of fibrinolysis for as long as necessary but no 
longer; (2) use of clot-selective agents that avoid induc- 
tion of plasn-memia; (3) preclusion or attenuation of 
== procoagulant activity that may impede recanalization, 
<= precipitate ea~y reocclusion and limit persistence of pa- 
tency; and (4. use of effective anticoagulants to shift 
the balance between thrombolysis and thrombosis fur- 
ther toward t2rombolysis. 

Results of aumerous clinical trials attest to the va- 
= lidity of these strategies. Comparisons of studies of 
_ thrombolytic agents indicate that mortality is consider- 
-ably lower when heparin is administered.'* The impact 
- of heparin is evident also on examination of mortality in 
. control patierts given heparin, which was lower than 
© that among pazients given a thrombolytic agent without 

heparin, regardless of the specific activator, as judged 
-from a recent compilation of data from diverse stud- 
n ies.!8 Despite possible differences in patient popula- 
_ tions between studies, these findings are highly sugges- 






do ‘heparin (a complex glycosaminoglyc in) cor 
- cies of molecular weights ranging from 3 000 to 30,00 


as well as as a lack of f thrombolytic drug-dependent ; 










(mean 15,000). Anticoagulant effects result from th 
binding of heparin to specific sites on antithrombin HI. 
At doses that can be used in humans, heparin is 
only moderately effective when used in conjunction 
with thrombolytic agents. Limited efficacy may re- — 
flect, in part, the relative inaccessibility of fibrin-bound 
thrombin to heparin-antithrombin III. An approxi- 
mately 20-fold higher concentration of heparin is re- | 
quired in plasma to inactivate clot-bound thrombin — 
than that needed to inactivate an a amount of Se 
free thrombin.*® Ce 
Hirudin, a direct-acting antithrombin, can inact go 
vate fibrin-bound thrombin. This may explain why hep- ~ 
arin is less effective than hirudin in preventing arterial ee 
thrombosis in experimental animals.??:79 oe 
Despite its limitations, heparin is beneficial in pa- N 
tients given thrombolytic drugs. As shown by Rapold et 
al,'°.3! the increase in fibrinopeptide A production seen. ~ 
with coronary thrombolysis can be inhibited by con- ` 
junctive administration of intravenous heparin. Their 
results suggest that heparin diminishes reocclusion by 
inactivating the free thrombin generated or released in 
the vicinity of thrombi undergoing lysis. | 
Although it appears logical to use heparin for con- 
junctive treatment during and after thrombolysis, ques- 
tions about the need for this anticoagulant have been 
raised by the results of the combined GISSI-2 /Interna- 
tional Study Group trial purported to show that the 
addition of heparin to thrombolytic agents (i.e., strepto- 
kinase and t-PA) did not reduce mortality despite in- 
creasing the incidence of bleeding.3*33 Although these - 
findings led the author of a recent review to state that 
“at present, adjunctive heparin therapy is not indicated ` 
in patients with acute myocardial infarction who have 
been treated with thrombolytic therapy,”34 the Ameri- 
can College of Cardiology and American Heart Associ- - 
ation in their published guidelines strongly recommend 
the use of heparin in combination with or immediately 
after thrombolysis.*> This disparity reflects, in our view, 
a fundamental flaw in the design of the GISSI-2/Inter- . 
national Study Group trial regarding heparin. As dis- 
cussed later, the heparin regimen tested is equivalent _ 
essentially to no heparin during the critical interval in ah 
which reocclusion must be prevented. Thus, inferences __ 
regarding the value or lack of value of conjunctive anti- = 
coagulation from trials using suboptimal heparin regi- = 
mens may not be valid. The lack of effective anticoagu-  - 
lation in such trials may account for suboptimal reduc- = 
tion of mortality i in both thrombolytic treatment groups 



































ble cellule inechanism, ona slower, ee tess 
- sibly renal) clearance. 36 At lower doses, the saturable 
mechanism predominates; at higher doses, the nonsat- 
pE urable. mechanism does.?” As a consequence, the half- 
life of heparin increases with progressively higher plas- 
ma concentrations of drug, and recovery in plasma of 
“low doses of heparin is poor. 
~~ Results of comparative studies of low-dose heparin 
i.e. up to i 900 _ aarun erg e or in- 













oo adi ied ncaa (15, 000 U twice daily. a 
< ter an intravenous bolus of 5,000 U38 or 17,500 twice 
=- daily?) is substantially less than that after an identical 
-amount given by continuous, intravenous infusion. 
After treatment with heparin for several days, the 
recovery of subcutaneous heparin in plasma in- 
+ creases; presumably because the cellular mechanism 
of heparin clearance becomes increasingly saturated. 
Administration of intravenous heparin at a high dose 
“saturates the cellular clearance mechanism much 
-more rapidly. 

Various studies both in venous thromboembolism 
~..and-in myocardial infarction have examined the rela- 
tion between results of coagulation tests in vitro 
(such as the activated partial thromboplastin time) 
— i _after administration of heparin in vivo and the likeli- 
hood of recurrent thrombotic events.3840-43 Results 
indicate an association between the lack of an ade- 
~ quate heparin response in vitro and the occurrence of 

thrombotic events despite therapy with heparin. Fur- 
thermore, the relative risk of thrombotic events in the 
presence of suboptimal therapy with heparin is in- 
< creased compared with the event rate with adequate 
Heparin therapy. 
-> Intravenous compared with subcutaneous adminis- 
- tration of heparin: Hull et al! studied patients with 
venous thromboembolism who were treated with ei- 
= ther subcutaneous or intravenous heparin. Despite 
the slightly lower dose in patients given the drug in- 
~ travenously, after 24 hours 29% of these patients had 
; subtherapeutic levels compared with 63% of patients 
treated with subcutaneous heparin. Using a higher 
= starting dose of heparin in both groups, Pini et al? 
~ also noted a significantly lower anticoagulant re- 
sponse in patients randomized to subcutaneous than 
in patients given intravenous heparin. 
Results by Turpie et al*! in patients with acute 
myocardial infarction are particularly relevant to in- 
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ee of results of the EER GISSI-2 / In- 


rin twice daily by the subcutaneous route 
agulant effects of the drug were measured 
hours after the injection. On the first treatme 
mean concentration of heparin in plasma was 
U/ml (therapeutic range 0.2 to 0.4 U/ml) an 
activated partial thromboplastin time was scar 
prolonged over control values. On subsequent tr 
ment days, mean activated partial thrombopla 
time and heparin concentrations increased to ju 
low the lower boundary of the therapeutic r 
suggesting that virtually all patients given: he 
12,500 U twice daily, had heparin levels <0.2 U 
on the first treatment day and that approxima 
50% subsequently had peak heparin levels- o 
U / mi. : 
In contrast, results of a prospective study in whi 
heparin was administered intravenously as a continu- 
ous infusion at doses of 30,700 U /day after an intra- 
venous bolus dose of 5,000 U revealed an activated 
partial thromboplastin time >60 seconds (>1.5 times _ 
normal) in 82% of patients in 24 hours and in 91% in 
48 hours.44 The mean heparin dose required to pro- 
duce an activated partial thromboplastin time ex- 
ceeding the lower boundary of the therapeutic range 
was 32,900 U over 24 hours. Thus, in most patients 
given heparin as an intravenous bolus of 5,000 U fol- 
lowed by a continuous infusion of approximately — 
30,000 U/24 hours, therapeutic levels occur at 24- 
hours. In contrast, in those given the same dose sub- 
cutaneously (i.e., 15,000 U twice daily after a 5,000- 
U bolus), anticoagulation will not be adequate in 24 __ 
hours. Inadequate anticoagulant effects will be ap- 
parent indefinitely in approximately 50% of patients 
given doses of 12,500 U twice daily subcutaneously. 








ASPIRIN 

Platelets are prominent components of thrombotic —. 
reocclusions after initially successful coronary throm- 
bolysis. Activated platelets can potentiate coagulation, — 
inhibit the conversion of plasminogen to plasmin by re- i 
leasing plasminogen activator inhibitor from a gran- — 
ules, and inactivate plasmin by releasing a antiplasmin. 
By activating blood coagulation and elaborating throm-. 
bin, platelets indirectly stimulate coagulation factor 
XIII, which catalyzes the cross-linking of fibrin poly- 
mers. Inhibition of platelet activation is thus a target of 
conjunctive therapy with thrombolysis. One approach is 
inhibition of coagulation and thrombin, which may ac- 
count for much, if not all, of the platelet activation seen 
with fibrinolytic agents. Another is inhibition of spec 
pathways. of pateici activation. ae 2 are ; not mutual y 
exclusive Ei E 


















ments. a a ‘streptokin ase-aspirin com- au 


weed cardiovascular mortality in the first 35 
ys 39% compared with reductions of 25 and 23% 
7 tokirzse and aspirin alone, respectively. The ef- 
ec veness of aspirin in this study may have been influ- 
ced by the nclusion of patients with incipient rather 
an evolving infarction (a qualifying electrocardio- 
sram was no: required for inclusion) in whom the aspi- 
| may have prevented infarction as it does in patients 

, se unstable angina, 








IMPACT OF ANTICOAGULATION ON 


-CORONARY THROMBOLYSIS 


=o In the Thed Thrombolysis and Angioplasty in Myo- 
:¿ cardial Infarction study, patients were given t-PA with 


or without am intravenous bolus of 10,000 U of hepa- 


rin.4° Coronary angiography performed 90 minutes af- 
ter the initiation of t-PA demonstrated a patency rate 
of 79% in both groups. These results were widely inter- 
preted as indicating that heparin did not augment bene- 
a fit conferred 3y t-PA. However, by considering only 
patency at 90 ninutes, this trial evaluated only 1 aspect 


of the speed e thrombolysis rather than early reocclu- 


sion. It did næ provide information regarding reocclu- 


| < gion and comoromise of patency after the 90-minute 


-- angiogram. Tte possibility that heparin would be bene- 

: ficial by dimmishing the incidence of thrombotic reoc- 
“clusion between 90 minutes and approximately 24 
hours after acministration of t-PA was addressed in the 
Heparin-Aspaan Reperfusion Trial. Patients were ran- 
domly assigned to either aspirin (80 mg/day) or intra- 
venous hepar (bolus of 5,000 U followed by a contin- 
uous infusion of 1,000 U/hour titrated to an activated 
partial thromboplastin time of 1.5 to 2 times con- 
trol) concomizantly with t-PA. Patency 18 hours after 
the onset of :zeatment was 82% in the heparin-treat- 
ed group but only 52% in the aspirin-treated group 
(p <0,0001).~ In a second similar trial, patients treat- 
-ed with t-PA were randomly assigned to either heparin 
or no anticoagalant.*° Patency 2 days later was 71% in 
- heparin-treateé patients compared with only 43% in 
controls (p = €.015). In a recently completed third tri- 
_al, patients gien 100 mg of t-PA plus aspirin were ran- 

_ domly assigned to either heparin or no heparin.4” Pa- 
tency 2 to 5 cays later (mean 81 hours) was 83% with 
heparin and 7°% in the controls (p < 0.05). The results 
of all these argiographic studies are consistent with the 
lon ing inte=>retation: ten 90 minutes after ad- 





MORT ALITY 





zation salvages myocardium and improves outcome. 
Nevertheless, mortality remains a key criterion of effi- 
cacy. Although gains in reduction of mortality on the 


order of 10% may seem minor, such improvements are — a 
significant when viewed in light of the large number of n 
deaths attributable to acute infarction. Yet, because 
modern treatment of myocardial infarction is accompa- 
nied by remarkably low early mortality (compared with. 


experience only a few decades ago), comparative clini- 
cal trials require inclusion of huge numbers of patients 
to detect statistically significant additional reductions in 
mortality attributable to a specific thrombolytic agent 


or regimen. It has been estimated that differences in 


mortality attributable to differences in recanalization 
rates as great as 50% induced by an agent such as t-PA 
compared with an agent such as streptokinase might 
not be reflected by statistically significant (yet clinically 
important) differences in mortality unless the study 
population included at least 10,000 patients.48 Never- 
theless, in an analysis of pooled data of 4 studies that- 


directly compared a first-generation with a second-gen- 


eration agent in which intravenous anticoagulants were 
administered, early mortality (i.e., approximately 30 
days) was 40% less among patients treated with the. 
second- rather than the first-generation drug.4 This 
analysis excludes results from the recent, combined. 


GISSI-2/International Study Group trial in which i in 


travenous heparin was not used. 


Heparin appears to exert a favorable effect on more no ; 
tality after treatment with thrombolytic agents for 
acute myocardial infarction. In the Studio sulla Calci- 


parini nell’Angina nella Trombosi Ventriculare nell’In- 
farto study,*? mortality was reduced significantly in pa- 
tients given subcutaneous heparin (after an initial in- 
travenous bolus) conjunctively with streptokinase com- 
pared with that in controls to whom heparin was not 


given. In the combined GISSI-2/International Study 
Group trial, the same trend was observed in patients 
treated with streptokinase and subcutaneous heparin.3? > 
In contrast, no apparent benefit was evident in patients . a 
treated with t-PA. This disparity may be explained by 
the greater early systemic anticoagulant effect- pro- teas 


duced by ate ple sce caries generato ib 


Compelling observations indicate that sonny = 
thrombolysis leads to recanalization of infarct-related 
thrombotically occluded vessels and that early recanali- ~ 























apse effe A ts; addition of moderate-dose subcutane- 
= ous heparin i is likely to have been insufficient to prevent 
~reocclusion, especially within the first 24 hours after 
‘thrombolysis when a greater number of t-PA-recana- 
lized arteries would be at risk but when the delay in 
effective anticoagulation would have provided no pro- 
tection against reocclusion. Thus, a comparison involv- 
‘ing patients given only moderate doses of heparin may 
: rave been inadvertently biased against t-PA. 
- . In addition, the administration of subcutaneous hep- 
rin was delayed in the GISSI-2/International Study 
oup trial for a minimum of 12 hours after the onset 
of thrombolysis. Consequently, therapeutic blood levels 
of heparin were unlikely to have been induced for at 
~Jeast 16 to 20 hours after the onset of administration of 
. the thrombolytic agent. Because as much as 50% of all 
f reocelusion occurs in the first 24 hours after thromboly- 
>e sis,°° it is clear that almost all patients were without 
effective anticoagulation during the most vulnerable pe- 
-riod for. reocclusion. Streptokinase has a much longer 
-half-life in the circulation than t-PA. This, coupled 
: with its elaboration of substantially higher concentra- 
a tions of fibrinogen degradation products with their 
“sustained anticoagulant effects, could account for a 
more modestly deleterious effect of delayed administra- 
tion of heparin in patients treated with streptokinase 
who would presumably be at least partially protected 
-~ against early thrombotic reocclusion by the presence of 
high concentrations of circulating fibrinogen degrada- 
tion products. 
<- The Third International Study of Infarct Sur- 
vival (ISIS-3), which compares streptokinase, dute- 
«plase (double-chain t-PA) and anisoylated plasminogen 
= streptokinase activator complex, entails the same limi- 
‘tations as GISSI-2. Concomitant therapy includes aspi- 
rin alone or aspirin plus heparin, but the latter is given 
only subcutaneously (12,500 U every 12 hours) begin- 
ning 4 hours after the completion of administration of 
the lytic agent. Thus, no significant anticoagulant effect 
will be elicited until 28 hours (and probably much 
longer) after lysis, well past the optimal interval for 
preventing reocclusion, particularly with the second- 
generation agent. 
It is clear that adequate doses of intravenous hepa- 
== rin prevent reocclusion in patients, as demonstrated 
in the Heparin-Aspirin Reperfusion Trial, Bleich stu- 
~~ dy, the Sixth European Cooperative Study Group tri- 
< al,?52647 and by analysis of pooled data from trials with 
and without conjunctive intravenous heparin regardless 
of the lytic agent used.'® Based on the available infor- 



























PA | podu; ~ coined antico- 3 ginning at the completion of infusion: of th et 


f ation, it is puen to use intravenous ‘heparin con- 
AE eee eee. Vt ypo cologic concentrations of plasminogen activators in a e 




















































ic agent and continuing for 3 to 5 days. 


CONCLUSION 

The favorable impact of thrombolytic ae in 
treatment of acute myocardial infarction is unequ 
cal. Further progress is likely to result from accel 
tion of recanalization and diminution or obviatio! 


; 


the biggest single impediment to optimal clinical 
fit, namely early, thrombotic reocclusion. The 
tance of effective anticoagulation in accelerating re SCs 
alization and sustaining patency has been documente e 
recently. Ongoing research focuses on improvement of : 
dosing regimens and use of specific thrombolytic. agents. 
to maximize fibrinolysis and minimize procoagulant ef- 
fects and plasminogen steal, development of optimal 
conjunctive agents, and identification of optimal con- 
junctive regimens. Progress in the reduction of mortali- 
ty associated with acute myocardial infarction has been _ 
substantial already. Even further reductions can be an- — 
ticipated. : 
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m he development of hyperlipidemia after car- 
transplantation has been documented by 
several groups of investigators.'-4 Time-related 
E eases in total cholesterol, low-density lipoprotein 
i (LDL) cholesterol, total to high-density lipoprotein 
(HDL) cholesterol ratio and triglycerides have been 
_described, but the mechanism(s) underlying these 

changes in lipid profile are less well defined. The ad- 

ministration of prednisone or cyclosporine, or both, is 
associated with changes in plasma lipoprotein concen- 
trations, and these agents have been implicated in the 
abnormal lipoprotein profile that develops after cardiac 
transplantation. However, the relative importance of 
these drugs in manifest “atherogenicity” is disputed, 
and this controversy has been highlighted by the con- 
flicting reports of Rudas° and Superko® and their co- 
workers in a recent issue of this Journal. 
Rudas et al examined factors associated with ab- 
normal lipid profiles and related cumulative steroid dos- 
age to elevations in total cholesterol and triglycerides 

-after transplantation by univariate analysis; the validity 

Of this. statistical association is in question, failing to 
achieve significance by multivariate analysis. Other re- 
ports by several groups of investigators ostensibly sup- 
porting this view need to be interpreted critically. Three 

_ recent studies in patients receiving heart transplants 
r’ have concluded that corticosteroids are important con- 
= tributors to post-transplant lipid abnormalities. Taylor 

and et al’ compared lipoprotein profiles at 1 year 
in subjects on different immunosuppressive protocols, 
finding prednisone to be the agent most strongly associ- 
ated with total cholesterol levels. These findings are 
<- based on small subgroup analyses of patients undergo- 
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ing transplantation in different eras and, iñportantly; i 
this conclusion undermines a more salient observation, : 


namely, the strikingly higher total/HDL cholesterol ra- 


tio in patients receiving. cyclosporine. Renlund et al? 
compared the cholesterol levels of 51 patients requiring ~ 
maintenance corticosteroids with 66 patients who did 
not. Unfortunately, the details provided regarding corti- 


costeroid tapering and discontinuation are scant, and 


the demonstration of marked differences between the 
groups early after transplantation, at a time when most 
patients continue to take steroids suggests that other 
factors may be contributing to the observed differences 


in cholesterol levels. The failure to perform lipoprotein 


determinations is an even more limiting criticism of this 
work. The study of Becker et al,? showing an associa- 
tion between total cholesterol, LDL cholesterol and cu- 


mulative prednisone exposure, is the most methodologi- < | 


cally rigorous of the 3 studies, but represents weak evi- 
dence for direct causality. The study is a retrospective 
review of data generated from a heterogeneous patient 
population in an uncontrolled, unrandomized fashion 
and should be noted to contrast in its principal conclu- 
sion with earlier observations by the same group.! In 
particular, the reader must be cautioned not to equate 
such statistical associations with evidence for direct 
causality on a biochemical or molecular level. 
Notwithstanding similar inherent limitations in 
methodologic design, other studies have failed to find 
an association between lipid levels and corticosteroid 
dosage after transplantation.2° Supportive data in re- 
cipients of a renal transplant should be viewed cautious- 
ly because the complicated metabolic derangements 
seen in this population make extrapolation of their lipid 
abnormalities to patients with cardiac transplants unre- 
liable. Moreover, hyperlipidemia after cardiac trans- 
plantation is not representative of the general experi- 


ence in patients who have had renal transplants. In the © a 
latter population hyperlipidemia is characteristically ob- 


served before transplantation, and corticosteroid use is 
most clearly associated with changes in triglycerides af- 
ter transplantation.!°!! These data are supported by- 
studies on lipid profiles in subjects treated with cortico- _ 
steroids for non-transplant indications. Studies of pa- 


_ tients with rheumatic diseases'?:!> and asthma!¢ treated 
| with corticosteroids have consistently demonstrated sig- 
` nificant elevations in triglycerides; lesser elevations in 


total cholesterol and LDL cholesterol were noted in a i 
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h corticosteroid dosage was gako correlat od 
; ef total cholesterol, HDL cholesterol an 
D ubfraction 3.13 In a prospective study of the ef- 
ž fects of cor: costeroids on lipoproteins, the increases in 
l total: cholesterol were shown to be a reflection of 
> changes in HDL cholesterol and modest increases in 
_ triglycerides. In this investigation, LDL cholesterol was 
ae actually noted to decrease by approximately 30%, al- 
though this decrement did not reach statistical signifi- 
= cance.!> Importantly, these subjects comprised a het- 
-erogeneous aroup in reasonably good health, exhibited 
no. metabolic disturbances and were taking no other im- 
= ~ munosuppressants. The experimental evidence for corti- 
costeroid-ind iced elevations in triglycerides and HDL 
cholesterol!+ ®!8 is, thus, generally born out by clinical 
experience. 
ee Is this analysis meant to imply that corticosteroids 
`= sare not contsibuting to hypercholesterolemia after car- 
3 diac transplantation? Not at all; although critical of 
these published reports, we do not intend to take issue 
with data siggesting that steroids are an important 
_ determinant of hyperlipidemia after transplantation. 
Rather, we wish to distinguish between the develop- 
: “ment of hypercholesterolemia and the development of 
an atherogem lipoprotein profile. In usual practice, ta- 
pering of the prednisone dose is initiated shortly after 
cardiac transplantation and is, therefore, unlikely to 
- be causal im the concomitant dramatic increases in 
a LDL cholesterol and total/HDL cholesterol ratio that 
_-evolve?:!0 ane likely impart a significant risk for the 
~~ development of atherosclerosis. Similar reasoning can 
be used to exonerate azathioprine as a cause of post- 
transplant hvperlipidemia. This drug has been largely 
succeeded by. cyclosporine and is now generally re- 
served for czses of resistant rejection. Furthermore, 
~ there is also 2vidence showing that azathioprine admin- 
istration after transplantation is not associated with the 
development of hypercholesterolemia.!9-?? 
Increases :n cholesterol are to be expected in most 
patients afte- cardiac transplantation owing to an im- 
= provement ir hepatic perfusion and the consequent res- 
= toration of aepatic synthetic function. However, the 
= -normalizatios: of low pretransplant values should not be 
(misconstrued as an atherogenic change. In contrast, 
-the generatiar of true hypercholesterolemia in an other- 
= wise young, Sealthy transplant population is not com- 
-patible simpk with an improvement in hepatic perfu- 
sion. True hyrzercholesterolemia indicates the existence 
z bah a we adverse effect of a e and its medi- 



































ized, ORE jaa in 36 $6 pa 


i: tients with mnyotropliic lateral sclerosis.?3 Significa 1 
increases in total cholesterol and LDL cholesterol: oc: 





curred over a time course reminiscent of that seen after = 
cardiac transplantation. Interestingly, no association 
was noted between dosage or plasma levels of the drug 
and the degree of hyperlipidemia. In addition to these 
data, modern experience with cyclosporine in renal 
transplants is highly supportive of its potential athero- __ 
genicity. Several series have now implicated cyclospor- 
ine in post-transplant elevations of total and LDL cho- 
lesterol and, less consistently, triglycerides.2°7* — — > 
We initially hypothesized that cyclosporine-induced 
hepatocellular toxicity might impair high-affinity recep- 
tor-mediated hepatic uptake of LDL leading to elevat- 
ed serum LDL cholesterol levels.* Similarly, we pro- 
posed that the endothelial cytotoxicity of the drug? ~ 
would adversely influence triglyceride levels through 
loss of lipoprotein lipase activity.2 However, these hy- 
potheses have not been subjected to rigorous scientific 
testing. The work of Superko et alf in which changes in 
hepatic and lipoprotein lipase were observed provides a 
more plausible explanation for the effects of cyclospor- 
ine, and is in keeping with both the commonality of the 
lipoprotein abnormality after transplantation and the 
lack of association between drug levels and cholesterol. 
In this study® the characteristic elevations in triglycer- 
ides and in LDL cholesterol seen in cardiac transplant 
recipients were associated directly with lipoprotein li- 
pase activity and inversely with hepatic lipase activity, 
respectively. In addition, the cyclosporine dose was 
shown to correlate with the observed changes in hepatic 
and lipoprotein lipase activities. Thus, this compelling 
evidence supports the role of cyclosporine in the devel- _ 
opment of an atherogenic lipid profile after transplanta- 
tion. Cyclosporine use is therefore clearly associated 
with the hyperlipidemia that typifies the cardiac trans- 
plant population, and these lipid abnormalities are asso- 
ciated with cyclosporine-mediated variations in essential 
enzymatic activities central to lipoprotein metabolism. 
In further support of these observations, Leunissen et 
al?” reported that cyclosporine therapy after transplan- 
tation induced a considerable decrease in hepatic arteri- 
al perfusion and an impairment of hepatic synthetic 
function. The molecular basis for these effects remains __ 
to be determined, and one should consider that other- 
potential mechanisms have not been excluded. In this 
regard, it is perhaps interesting that cyclosporine cit ÇU- 
lates predominantly bound to cholesterol-rich lipopro- 
teins, and its inherent hydrophobicity facilitates its 
solubilization in lipid membranes, a | Property that may ra 























rom animal as well as human transplanta or 
hat immunologically mediated arterial (endothe 


he resulting endotheliopathy may further impair pe- 
ripheral cholesterol metabolism as a result of alterations 
in endothelial-bound lipase activity. Other factors in- 
cluding age, cholesterol before transplantation, diet, an- 
\ypertensive medications and concurrent medical ill- 
3 may also contribute to alterations in lipoprotein 
iles in individual patients. The multifactorial nature 
perlipidemia after transplantation notwithstand- 
yclosporine and prednisone stand out as major 
contributors; nevertheless, the atherogenic profiles of 
hese ‘drugs appear to be quite different: Cyclosporine 
induces elevations in LDL cholesterol and the total cho- 
lesterol to HDL ratio, whereas corticosteroids are more 
clearly implicated in elevations of triglycerides and 
HDL. Future studies should focus on lipoprotein sub- 
ee class ‘distribution after transplantation and the athero- 
-genic potential of these lipid changes in order to ascer- 
tain whether they adversely affect the risk for develop- 
ie _ ment of accelerated atherosclerosis. This strategy will 
be complimented by investigations into the biochemical 
_ and molecular mechanisms underlying the hyperlipide- 
mia, as exemplified by the commendable effort of Su- 
-perko et al.® 
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~ focus of considerable interest because of its po- 
i -tentti role in negating the benefits of reperfu- 
$I -critxal but still unresolved issue relates to the 
ihechanism responsible for this contractile abnormality. 
In recent years an increasing number of studies have 
.. provided indirect evidence that postischemic myocardial 
dysfunction nay be mediated in part by the generation of 








































drogen peroxide and hydroxyl radical. These oxygen-free 
radicals could arise from various sources, such as hy- 
poxanthine zonversion by xanthine oxidase, catechol- 
-samine degracation and mitochondrial electron transport. 
_ Direct evidence of injury by free radicals has yet to be 
_ shown in thz human heart, but many studies of other 
_ mammals have linked reactive oxygen metabolites with 

~ myocardial mjury.'!-> During myocardial ischemia, xan- 
thine dehydsegenase (which appears to be located in the 
endothelial cells)® is converted to xanthine oxidase, an 
enzyme that sroduces superoxide radical, hydrogen per- 
oxide and uri acid from hypoxanthine or xanthine and 
-. molecular o»~gen.’ At the same time, ischemia is associ- 

ated with rapid catabolism of adenosine triphosphate.’ 

This degrad=tion of adenosine triphosphate causes an 
-efflux of breakdown products that are able to pass 

through the esll membrane, resulting in an accumulation 
-of hypoxanthine, 1 of 2 substrates for xanthine oxidase. 
~The other sw2strate (molecular oxygen) is provided by 
reperfusion, “hich results in a burst of free-radical gener- 
ation.® These: free radicals initiate chain reactions caus- 
ing peroxide:ive breakdown of polyunsaturated fatty 
acids in the membrane bilayer.?-!* The interaction 
«= among oxygen-free radicals with polyunsaturated fatty 
acids has beca described as lipid peroxidation and can be 
> measured br formation of malondialdehyde. Until re- 
— cently, the assessment of alterations in myocardial me- 
tabolism in he mans early after short and repetitive occlu- 
- sions of a mejor coronary artery has not been feasible. 
` However, percutaneous transluminal coronary angio- 





:course of these metabolic changes during transient inter- 
‘ruption of oa conary flow by the balloon-occlusion se- 





-< reactive oxyzen species, such as superoxide radical, hy- 


` plasty provices a unique opportunity to study the time 


uence in parents v with aS disease and withouk an ang y 










ographically demonstrable collateral gratie 13-16 Jp 
this report we studied the production of hypoxanthine, 
urate and malondialdehyde during percutaneous translu- 
minal coronary angioplasty. 
All patients met the following criteria: a 1 brief his: 
tory of angina pectoris (<1 year), an isolated obstruc- 
tive lesion in the left anterior descending coronary _ 
artery, and an accessible stenosis of <1 cem in length. 
All patients were candidates for coronary artery by- , 
pass graft surgery because of disabling angina, but F 
were selected for angioplasty rather than surgery be- 
cause of their anatomy, Ten patients (8 men and2 __ 
women, aged 37 to 72 years) were studied. Of these, 4 
were in New York Heart Association class H, Sin 
class HI and 1 in class IV. In all, the ejection fraction 
was >50% and none of them had wall motion abnor- 
malities on their left ventriculograms at rest. Four 
consecutive transluminal dilatations of 90 seconds — 
each with deflation intervals of 3 minutes were per- 
formed, All patients gave informed consent and there 
were no complications directly related to the research 
procedure. “Es 
A Pepine catheter was inserted in the coronary 
sinus with the end-hole positioned at the origin of the ce 
great cardiac vein for blood sampling. Arteriovenous 
differences of blood hypoxanthine, urate and malon- 
dialdehyde were determined at baseline immediately N 
after each balloon deflation and, finally, 5 and 15 
minutes after the percutaneous transluminal coronary bees 
angioplasty procedure. oe 
HYPOXANTHINE AND URATE: Great cardiac vein and 
femoral arterial blood samples were collected in hep- 
arinized tubes with equal volumes of cold 154mM 
sodium chloride, containing 20 uM dipyridamole 
(Boehringer, Ingelheim, Federal Republic of Germ 
ny), and 10 uM erythro-9-(2-hydroxy-3-nonyl). a ! 
nine hydrochloride (Wellcome, London, Great b 
ain). These drugs were used to inhibit adenosin 
take and breakdown. Mixtures were centrifuged in 
cold, The supernatant fluids were stored at 8 
On the ened of seal these were d rand} im 























































Mean + SEM 


0.14+0.15 

2.06 + 0.75 

745 43.72 

6.83 + 3.13 

— 2.06 + 0.75 

1.39 + 0.76 

0.45 + 0.63 
ndividual hypoxanthine vein-arterial difference in. the 10: patients during baseline 
(BL), immediately after the 4 percutaneous transluminal coronary angioplasty infla- 
tions and, finally, 5 and 15 minutes after the percutaneous transluminal coronary 


a joplasty procenire (R5, R15). 
st = after; SEM = standard error at the mean. 


dialdehyde content of the plasma samples was mea- 

_ sured in the presence of 100 uM ethylene diaminete- 

_ traacetic acid as described by Jackson et alt? The 

Se . extinction coefficient of the thiobarbituric acid prod- 

uct was taken as 1.56 X 10° M-1 cm-I for all calcula- 
tions of the malondialdehyde content. 


_ Values are reported as mean + standard error of 
he ı mean. Comparison between results before and af- 
r percutaneous transluminal coronary angioplasty 
and occlusion conditions were evaluated using analy- 
_ sis of variance for repeated measurements. When 
-overall significance was found, multiple comparisons 


pee ¿were considered significantly different at p <0.05. 


- The relation between uric acid and malondialdehyde 
arteriovenous difference was evaluated by linear re- 
gression analysis. 
_ HYPOXANTHINE PRODUCTION: We studied hypoxan- 
production by measuring vein arterial hypoxan- 
: concentration. Baseline value was +0.14 + 0.15 
M. After the first dilatation, vein-arterial hypo- 
anthine concentration significantly increased to 
2.06 + 0.75 uM (p <0.01 vs baseline), after the sec- 
ond to +7.45 + 3.7, after the third to +6.83 + 3.13, 
nd after the fourth to +2.06 + 0.75 uM. Five min- 
tes. after the fourth occlusion the vein-arterial differ- 
ce remained significantly increased (+1.39 + 0.76; 
<0.05 vs baseline), whereas after 15 minutes recov- 
‘y vein -arterial difference returned to baseline values 
0.45 +. 0.63 uM; p = not significant [NS] vs base- 


etailed h ıypoxanthine production — igures — the g 
listed in Table I. a 


Postinfl 1 
Postinfl 2 
Postinfi 3 


Postinfi l 
Postini 2 
Postinfi 3 


See legend in Table I, 
ees = after inflation; other abbreviations as in Tabie Í. 


TABLE Il Vein-Arterial Malondialdehyde Difference in the 10 | 
Patients 


~0.22 +041]. 
0.34 + 0.370400 
0.45 + 0.22 
0.99 + 0.63 | 
1.15 +0.58 | 
174 209i] 

-0.07 + 0.29 


See legend in Table i. A $ 


was +1.47 + 2.22 uM (NS vs baseline), after the sec- 
ond +1.56 + 0.95 uM (NS vs baseline), after the third 
+5.78 + 2.76 uM (p <0.01 vs baseline), and after the 
fourth +7.98 + 5.87 (p <0.01 vs baseline). After 5- 
minute reoxygenation, vein-arterial urate difference 
further increased to +17.50 + 7.23 uM (p <0.001), 
whereas 15 minutes after the last inflation, vein-arte- 
rial urate difference normalized (+1.32 + 3.12 uM, 
NS). Detailed urate production figures of the 10 pa- — 
tients are listed in Table II. i 
MALONDIALDEHYDE PRODUCTION: Before percutane- 
ous transluminal coronary angioplasty, vein-arterial 
malondialdehyde was —0.22 + 0.41 uM, after th 


Ma dilatation it it increased to -+0 Jt EO, n 











line). After 5-minute reperfusion, vein-arterial ma- 
londialdeh\de further increased to 1.74+0.91 uM 
(p <0.01 vs 2aseline). Finally, after 15 minutes it re- 
turned to bcezeline levels (—0.07 + 0.29 uM, NS). De- 
tailed malondialdehyde production figures of the 10 
patients are shown in Table III. 

The present data show that short repetitive coronary 
total occlusions of the left anterior descending artery 
during percutaneous transluminal coronary angioplasty 
procedure lead to a significant increase of great cardiac 
vein-arterial concentrations of hypoxanthine, uric acid 
and malond&ldehyde (Figure 1). For malondialdehyde, 
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FIGURE 1. Hypexanthine (a), uric acid (b) and malondialde- 
) differences during baseline (BL), 
percutaneous transluminal coronary 
angioplasty infictions and, finally, 5 and 15 minutes after the 
nae S TA 





vein-arterial difference showed a progressive increase 
that peaked 5 minutes after the last inflation. The regres- 
sion analysis between uric acid and malondialdehyde 
vein-arterial difference was not significant (r = 0.34, 
NS), which also suggests that other oxygen-free radical 
sources may play a role. On average, uric acid vein- 
arterial difference parallels that of malondialdehyde, in 
contrast to hypoxanthine vein-arterial difference, which 
peaked around the second and third inflations. Pro- 
duction of malondialdehyde reflects lipid peroxidation, 
which suggests production of oxygen-free radicals, so the 
production of malondialdehyde in this model likely re- 
sults from the generation of oxygen-free radicals.?~!2 
However, malondialdehyde is only one of many products 
of lipid peroxidation. The reaction between thiobarbi- 
turic acid and malondialdehyde produces a pink color 
that can be measured by spectrophotometry. This assay 
has been used to study circulating lipoperoxides in many 
diseases.'?-?! The assay used in this study usually gives 
higher malondialdehyde concentrations than are actually 
present because not only is malondialdehyde measured 
but also other aldehydes. Furthermore, it measures both 
preexisting malondialdehyde and all other substances 
that give rise to malondialdehyde during the assay (in 
vitro and in vivo). In addition, several chemical species 
other than malondialdehyde can react with thiobarbi- 
turic acid to produce a pink to red color.** This relative 
lack of specificity of the thiobarbituric assay has been 
criticized, but malondialdhyde appears to be produced in 
a relatively constant proportion to the rate of lipid peroxi- 
dation?; thus, when all samples from 1 patient are as- 
sayed simultaneously, the results should reflect the de- 
gree of peroxidation. There are several potential sources 
of oxygen-free radicals during human myocardial ische- 
mia/reperfusion.'4 First, ischemia itself may produce ` 
cytotoxic free radicals as a result of reactions involving 
mitochondrial electron transfer?> after catecholamine 
degradation by monoamine oxidases, autooxidation or, 
what is more likely at physiological pH, metal-catalyzed 
oxidation. !?6 Second, the univalent reduction of oxygen 
by activated neutrophils,'?’ though an important source 
of radicals, is probably not relevant in transient ischemia 
because it is likely that the chemotactic factors required 
to promote neutrophil migration into ischemic tissue re- 
quire several hours for full expression.*® Third, the action 
of endothelial xanthine oxidase on purine metabolites 
accumulated during ischemia is another possible system 
for generating oxygen-free radicals.'!?293° Published 
data on xanthine oxidase in human myocardium are 
controversial, perhaps owing to the fact that the en- 
zyme can inactivate itself.3! We found urate production 
after angioplasty,'> but not by isolated perfused human 
heart. The parallel production of urate and malondial- 
dehyde after repetitive coronary occlusions in the angio- 
plastic procedure suggests the possible importance of this 
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way in 
na v ischemic heart. These radicals may play a role in 
the | persistence of regional left ventricle dysfunction after 
cS reperfusion. 
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"Waking Up Exhausted as Risk Indicator of Myocardial Infarction 


nos 7 A d Appels, PhD, and Erik Schouten 


=~ uring the last decade several studies have indi- 
cated that sleep problems might belong to 
the risk indicators for coronary artery disease 
CAD). For example, a 6-year follow-up study of 
> 10,000 0 subjects revealed a risk of 2.04 for CAD in 
= ‘poor” versus “good” sleepers. ' Little is known about the 
types of sleep complaints that are associated with future 
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associated with CAD, because this is indicative of pro- ` 
longed tension. Trouble staying asleep may be predictive 
for the same reason, or because it is indicative of a heart ~ 
failure or nocturnal angina. Waking up tired may reflect 
an impaired sleep or an adverse effect of medication, — 
angina pectoris or aging, and lose its predictive power 
when adjusted for these factors. | 

Waking up tired may also indicate depression. Recent. 
























No. of 7 
| Subjects (%) 
l TEk Excluded ra + follow-up due to diagnosed or 266 (07) 
“probable astory of CAD at entrance 












ae Missing information (entrance or follow-up) 214 (05) 

_ Angina pectads (including possible infarction) 54 (01) 
__ Fatal or non:atal myocardial infarction 59 (02) 
La ‘Nencardiac x unknown cause of death 74 (02) 
Free from Cad during follow-up 3,210 (83) 

“Total 3,877 (100) 





ee ‘CAD = coronary. ortery disease. 





: | TABLE fl. Mesn Values of Cardiovascular Risk Factors Among 
Those With ard Without Sleep Complaints 













TC Blood Pressure Mean 
No. of (mmol —————-—— Age 
Subjects liter) Systolic Diastolic (yr) 




















_| Trouble falling asleep 





+ 620 6.0 140 82 52 
0 2,615 6.1 14] 82 51 
Trouble stayingæsleep 
+ 739 G1 141 83* 53” 
0 2,523 6.1 140 81 St 
Waking up exhassted 
+ 567 6.1 139* 81 51 
Q 2,697 6.1 141 82 51 
Waking up exhausted 
without probeemns 
failing or stayiag 
asleep 
+ 247 6.1 138* 81 507 


0 


*p < 0,08; fp <f.01, 
TC = total cholesseral. + = yes; O = no. 







lems falling eeleep or staying asleep are not predictive of 
MI when cog:rolled for waking up exhausted, but that 
the latter corzplaint remains predictive when controlled 
for complain: indicating problems in gaining or main- 
taining sleep hypothesis I). Waking up exhausted may 
be a consequance of poor sleep. Statistically controlling 
- for the influeace of problems falling or staying asleep 
- does not completely remove any possible effects of these 
- problems on -1¢ feeling of being tired at waking up. To 
-rule out any xossibility that exhaustion on waking up is 
-caused by a ‘bad night,” we also tested the hypothesis 
- that those whc wake up exhausted but do not have prob- 
lems falling = staying asleep are at increased risk of 
myocardial im’arction (hypothesis IT). 
© The test c these hypotheses requires a prospective 
study. Such æstudy was conducted in Rotterdam. The 
_ cohort was fezmed by 3,877 male city employees, aged 
39.10 65 years, who participated in a voluntary health 
“check-up. Tais included blood pressure, cholesterol, 


+ smoking haxts a 








nd: Seine pectoris by means sof a s 


abase of the Rotterdam Civil Servants Study | 












a and demora -ation This yale aded 3 i 
sleep questions: “Do you often have trouble fallin 
asleep?”, “Do you wake up repeatedly dt ing 
night?” and “Do you ever wake up with a feeli ig Of os. 
exhaustion and fatigue?” Each queen was followed a 
by Yes-?-No. a 
The cohort was followed during an average period oei 
of 4.2 years. Cause of death was obtained from the 
death certificates. Nonfatal myocardial infarctions 
were documented by electrocardiographic and serum > 
enzymatic evidence. A detailed description has been Pe 
given elsewhere? | 7 
Hypothesis testing was accomplished by means of of 
the Mantel-Haenszel test for stratified data. Anal ses 
were performed by means of dichotomous groupings =. 
(sleep complaint absent—present, a question mark be- 
ing coded as indicating the presence of a complaint). 
The second hypothesis was tested by a multiple logis- 
tic regression, controlling for systolic blood pressure, 
cholesterol, age, smoking, and the use of antihyper- 
tensive drugs. re 
Feelings of excess fatigue have been found to be- 
long to the short-term precursors of myocardial in- 
farction and sudden death in many retrospective stud- 
ies. Therefore, we also analyzed the association 
between waking up exhausted and myocardial infarc- 
tion against length of time interval. | 
The database of the follow-up study is presented in 
Table I. It shows that 59 well-documented fatal or: 
nonfatal myocardial infarctions occurred among the __ 
3,269 subjects free from CAD at entrance. Two hun- 
dred sixty-six subjects were excluded from the fol- 
low-up analyses because of prior myocardial infarc- 
tion according to the electrocardiogram (Mi innesota | 
code I 1.2) or present angina pectoris. ; 
Among those free from CAD at entrance, 4 sub- ` 
jects underwent bypass surgery, and 5 subjects had. 
angina pectoris, including possible myocardial in- ~ 
farction. Because of insufficient documentation, this s 
group was not included in the group of new. cases. oe 
Eighty-three percent of the participants of whom we 
all information (entrance or follow-up) was availabl 
remained free from CAD. They form the | refere 
group with which the 59 documented cases will be 
compared. 
Table II lists the isini number of propik who. 
CRORE a i comm lain and the ¢ association of 



























sy remains y interesting t to note that those who said that 










r pip pats had a moderate positive association 
<: -with sleep complaints. Problems falling asleep were 
: sor to increase the ri Re as m aaah bien b y 


pat dd staying cs increased the risk 
<0.25). Controlling for waking up tired 
this association to almost nil. Waking up 
exhausted doubles the risk of future myocardial in- 
-- farction (crude RR = 2.1; 95% confidence interval 1.2 

_ to 3.5). The risk was slightly reduced to 2.0 when 
.. controlled for the other sleep complaints, but re- 

. mained significant. These findings confirm the first 
hypothesis. 

The-reduction of “exposed” subjects to those who 
< felt exhausted on waking up only resulted in a de- 
-< crease of the number of cases to 50 and of the number 
of non-cases to 2,879. In this analysis the relative risk 

-© was found to be 2.6 (95% confidence interval 1.3 to 
- 5.1); Waking up exhausted in the absence of the 2 
other sleep complaints remained predictive of myo- 
>. cardial infarction in the multivariate analysis. The 
:- relative risk increased slightly to 2.7 (95% confidence 
interval 1.3 to 5.8), due to the negative association 
between this sleep complaint and age and systolic 
ee blood pressure. This finding confirms the second hy- 
ee pothesis. 
<: The analysis of the association between waking up 
exhausted and myocardial infarction against length 
of time interval showed a clear decrease of the associ- 
ation. The relative risk was 6.5 for the first year of 
Jollow-up and decreased to 2.3, 2.3 and 1.8 for the 
second, third and fourth year of follow-up, respec- 
tively. 

~The main results of this study support the hypothesis 

-= that sleep problems, and especially being exhausted on 
. waking up, belong to the precursors of myocardial infarc- 
tion. 

- The study was not designed as a systematic study 

about sleep problems as risk indicators for myocardial 
Ti infarction. Such a study should have included more ques- 
-tions about each of the 3 sleep problems, sleep duration 
and how long sleep problems were present. Any conclu- 
_ sion should be limited to the finding that those who report 
_ exhaustion on waking up are at increased risk of myocar- 
dial infarction. Waking up exhausted may be a conse- 

‘quence. of poor sleep. Interestingly, the relative risk of 
waking up exhausted increased 50% when those with 












morning cee see by problens f ating. oF 


risk factors either. 


: feeling tired on waking up to too. Because the presence of 
sleep A can aah be confirmed i in r hospitalized pa: 


-problems falling or staying asleep were excluded from the : 
analyses. This makes it seem rather unlikely that any i 









































ing asleep has any predictive power. oe 
Because of the lack of additional information 3 abo 
the medical and psychological condition of the pai 
pants, it is difficult to explain the association ‘observed 
Because those who had past or current CAD at the 
screening were excluded from the analyses, it can be 
ruled out that the association was due to a clinical 
manifest CAD. The multivariate analysis showed | 
the association could not be attributed to the standa 


Perhaps exhaustion on waking up is a marke 
subclinical heart disease. This interpretation is supporte 
by the decline of the association during follow-up. How 
ever, the prevalence of waking up exhausted in the group 
with electrocardiographic evidence of CAD at entrance” 
was similar to the prevalence of this complaint in the 
group free of CAD. Recent findings of a:study of patients _ E 
with percutaneous transluminal coronary angioplasty in- 
dicate that improved perfusion does not result in a mean- 
ingful decline of exhaustion scores (Kop WJ et al, per- 
sonal comunication). Oe 

The results of this study can also be interpreted as 
supporting the hypothesis that a period of depression _ 
often precedes the onset of myocardial infarction. Several 
studies have observed a positive association between de- ` 
pression and future myocardial infarction.4° However, 
the nature of the relation between depression and the 
occurrence of cardiac events is unclear. ae 

Waking up tired is an element of the syndrome of 
vital exhaustion. However, this complaint was found to 
make a unique contribution to the assessment of this 
syndrome. When the logistic regression analysis was re- 
peated including form A of the Maastricht questionnaire 
(without the sleep complaints) both “waking up exhaust- 
ed in the absence of other sleep complaints” and the — 
questionnaire were independently associated with future © 
myocardial infarction. 

Both interpretations (marker of subclinical CAD or 
marker of subclinical depression) are not necessarily mu- 
tually exclusive. Rozanski et al® showed that mental - 
stress may induce silent myocardial ischemia in patients — 
with CAD. The somatic and mental condition may inter- 
act. Perhaps the threshold for myocardial ischemia due 
to mental stress in patients with subclinical levels of CAD © 
is especially low among those who are exhausted because 
of prolonged tension. 3 

The observed association should also be interpreted. 
cautiously because sleep apnea may be a confounder. 
Recent studies have drawn attention to sleep apnea asa 
possible determinant of myocardial infarction and sud- 
den death.' Patients with this disease complain about 
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A New Noninvasive Method for Estimation of Pulmonary Arterial 


p sure in Mitral Stenosis 


Cano Longtini, mD, Enrico Baracca, MD, Cristiana Brunazzi, MD, Marco Vaccari, MD, 


ee Luca Longhři, MD and Franco Barbaresi, MD 


he apzzarance of an increased pulmonary artery 
(PA) >ressure is an important moment in the 
Lee clinica. history of mitral stenosis. A direct mea- 
a surement of FA pressure levels is possible only with right- 

_ sided cardiac <atheterization. This technique, being inva- 
sive is not risk-free and, consequently, many noninvasive 

~~ methods for :ne evaluation of PA pressure have been 
< proposed.! These procedures usually lack sensitivity and 
-are limited in their ability to detect and quantify mild to 
moderate mod fications of PA pressure. The introduction 
of Doppler echocardiography allowed the development of 
new procedurzs.*-© Unfortunately this method is not ap- 
plicable in thz absence of Doppler-detectable tricuspid 
regurgitation.” Furthermore, the computed systolic PA 
pressure valueds approximate because a clinical estima- 
tion of the rig xt atrial pressure is necessary. Moreover, a 
good acoustic window and satisfactory flow tracings are 
indispensable. To avoid the aforementioned drawbacks 
= we attempted a different approach to the noninvasive 
-estimation of PA pressure, devising a method based on 
» the modificatsens induced by an increased PA pressure 
on the power spectrum of the pulmonary component of 
-the second hea-t sound. We used fast-Fourier analysis to 
“examine the ceoustic characteristics of this heart sound 
and to define ts frequency distribution in patients with 
_ normal and ineveased PA pressure to search for a relation 
-between the P£. pressure level and the spectral character- 
i istics of the påmonary component of the second heart 
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The study population consisted of 30 patients, 14 
men and 16 women, aged 17 to 73 years (mean aver- 
age + standard deviation 55 + 12), who underwent a 
clinically indicated cardiac catheterization; 16 pa- - 
tients were affected by mitral stenosis, 13 had systolic : : 
PA pressure >34 mm Hg. The patients were classified 
into 3 groups according to the values of systolic PA 
pressure (Table I). A phonocardiogram was recorded 
during held expiration at the second left intercostal 
space near the sternal border, where the second heart 
sound was best revealed. The pulmonary component i 
was readily identifiable in all patients using the di- me 
crotic notch of the simultaneous carotid pulse or aor- 
tic valve closure, or both, on M-mode echocardio- —__ 
gram. The signal was recorded with a piezoelectric - 
microphone having a flat response curve between 7 = 
and 1,000 Hz and was passed through a T-type 
Maass & Weber filter, with a cutoff >650 Hz. The = 
phonocardiographic tracing and a reference electro- 
cardiographic lead II were simultaneously digitized 
employing an 8-bit analog/digital converter connected 
with a 6510 microprocessor. The sampling frequency oy 
was 1,282 Hz per channel, yielding a641-Hz N lyqui: 29 
limit frequency. The data files were preprocessed O 
demean in order to delete the continuous compo 
of the signal. The pulmonary component of the s second 
heart sound was s extracted with « an interactive pro- 

























“Measured PAP 


“Estimated PAP 


Q factor 


Group A (systolic PA pressure <30 mm Hg) 


tic popaneierew were ial (] D the Pini 
weak (Fn), represented by the frequency associated 
‘maximal amplitude of the spectrum; and (2) 
juality of resonance (Q factor). The Q factor is a 
sure of the sharpness of resonance of a vibratory 
al or mechanical system having a single degree 
eedom, or more simply is a measure of the capa- 
‘he system to resonate with a main frequen- 

p Q factor increases with the structural 


ne e vibrating ester. and c can n be c com- 


between the frequency values above and below Fn, 
respectively, for which the amplitude of the spectrum 
falls to 50% of the peak value. The values of the Q 
factor are related to the characteristics of the setup. 
used to analyze the frequency and could vary with the. 
type of equipment. The Student t test was performed 
for Fn and the Q factor among the 3 groups. In addi- 
tion, Fn and the Q factor were correlated with systolic. 
diastolic, mean PA pressure, the systemic systolic 
pressure, the heart rate and the age of each pati 
Statistical ER was is performed. using lineg 
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The meawamplitude versus frequency spectrum of 
the pulmoncry component of the second heart sound 
obtained in group A is displayed in Figure la. It was 
mainly composed of frequencies <200 Hz. Peak am- 
plitude was 22 + 12 Hz, the average Q factor was 0.94 
+0.19. Mear frequency spectrum of group B is shown 
in Figure 1b. Peak frequency was 71 + 30 Hz and the 
average QO factor was 1.06 + 0.26. Mean frequency of 
group C is &splayed in Figure lc. Frequency peak 
was 118 + 42 Hz. The average Q factor was 1.88 + 
0.79. The Stedent t test performed between group A 
and group C was significant for both Fn (t = 6.95; p 
<0.0001) and the QO factor (t = 4.68; p <0.0001). No 
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FIGURE 2. The systolic (a), diastolic (b) and mean (c) pulmo- 
nary artery (PA) pressures measured with right-sided cardiac 
catheterization are displayed on the ee 
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a D ; between groups T 

| correlations were found 
stolic (r= = 0.857, p <0.0001), diastol- 
p <0.0001) and mean (r = 0.726, p 


ons were found between Fn and systemic systolic 

, Fn and age, and Fn and heart rate. The 

on coefficients between the Q factor and PA 

also showed a good linear relation for systol- 

0.909, p<0.0001), diastolic (r = 0.833, p 

00 0001) and mean (r = 0.833, p <0.0001) PA pres- 
No significant relations were found with system- 
stolic pressure, age and heart rate..Figure 2 shows 
values of the multiple regression analysis per- 
rmed with systolic (Figure 2a), diastolic (Figure 2b) 
id mean (Figure 2c) PA pressure as a dependent 
iable and Fn and the Q factor as independent ones. 
The results of the frequency analysis indicate that the 

requency composition of the pulmonary component of 
1 he second heart sound and its frequency peak shift 
toward higher values according to the increase in PA 
„pressure, while the frequency scattering around the peak, 


S ie expressed by the Q factor, progressively decreases sug- 
gesting an increased tension and homogeneity of the 
vibrating system. Both Fn and the Q factor showed high- 


— dy significant relations with PA pressure, expecially with 


— systolic PA pressure. Considering a multiple regression 


analysis between PA pressure (systolic, diastolic and 
_mean) on the one hand and Fn and the Q factor on the 
other, the relations greatly improved with a further de- 


— : crease of the standard error of the estimate. Figure 2 
- shows the correlations between the hemodynamic values 


-of systolic (Figure 2a), diastolic (Figure 2b) and mean 
__ (Figure 2c) PA pressure and the respective estimated 
pressures computed from the regression equations. The 
Jata suggest the feasibility of a noninvasive estimation of 
pressure from the spectral characteristics of the pul- 
nonary component. of the second heart sound. The high- 
accuracy is obtained for systolic PA pressure; this 
rameter i is therefore the most reliable of the 3 obtained 


Q from the spectral analysis. 
computed from Fn and the Q 


equation: systolic PA pressure = 0.2) 
(Q factor) + 0.3, with a standard error 

mate = 4.1 mm Hg which is comparable 
yielded by the Doppler technique.?>6 : 

In conclusion, the modifications of the chara: 

of pulmonary component of the second h 
quency spectrum (Fn and the Q factor) 
increased PA pressure, can be used in the c 


for the noninvasive estimation of PA press 


stenosis with the highest degree of accurany: 
PA pressure. 
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Evolution of the Endocardial Fibrotic Process in 


Endomyscardial Fibrosis 


Charles Macy, MD, A.C. Pereira Barretto, MD, Sergio A. Oliveira, MD, Noedir Stolf, MD, 


Giovanni Belotti, MD, and Fulvio Pileggi, MD 


(EMF) has been scarcely studied. Some reports 

sugges: the occurrence of different clinical and 
histopathologse stages in its evolution, the end stage being 
characterized by an endomyocardial fibrotic process.'~? 
This fibrotic tissue generally involves the ventricular cavi- 
ty and the pepillary muscles, leading to restriction in 
ventricular fill ng and to atrioventricular valvular regur- 
gitation assoaated with severe hemodynamic distur- 
bances, frequantly with an ominous prognosis.** It is an 
important case of restrictive cardiomyopathy in many 
parts of the werld. Whether the fibrosis is simply a static 
scar tissue, € consequence of an old inflammatory or 
thrombotic peocess, or if it has an evolutive character, 
being actively deposited during the evolution of the dis- 
ease, is contraversial. This study was designed to clarify 
this point. 

We selec.ed 22 of 132 patients (4 male and 18 
female paties, aged between 11 and 60 years [mean 
38)}), with EMF followed-up in our institution. These 
patients haa undergone =2 cineventriculographies, 
with intervaw varying from 5 to 122 months (mean 
47.5). No pc.ient had eosinophilia. 

The diagwosis of EMF was based on the angio- 
graphic aspeet of the ventricles. The main features 
included changes in ventricular morphology with re- 
striction or #literation in the inflow tract or apex, 
leading to reduction in the diastolic ventricular di- 
mension, together with endocardial irregularities. In 
severe cases `e chamber acquires a tubular form due 
to the almos. complete elimination of the inflow tract. 
Mitral and wicuspid regurgitation were present in 
almost ever} examination. Among the 18 patients in 
the clinical ollow-up, 15 were in New York Heart 
Association , anctional class I or II and 3 were in class 
III. The lesion was biventricular in 15, right ventricu- 
lar in 2 and éeft ventricular in 1 patient. The other 4 
patients were surgically treated, and had 2 compara- 
tive examinations performed after resection of the 
fibrosis and -2placement of atrioventricular valves or 
valvoplasty. All of them were in class III or IV, under- 


Te netural history of endomyocardial fibrosis 
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went surgery of both ventricles, and all had to undergo 
repeat operation because of biological prosthesis dys- 
function. The operations were performed before the 
description of our new operative technique. Reopera- 
tions were performed | to 8 years (mean 4 years and 9 
months) after the first operation. Two of the patients 
who underwent a second operation died within the 
study period and a necroscopic study was performed 
in the late postoperative period. 

The group of clinically treated patients did not 
have worsening of fibrosis when the cineventriculo- 
grams recorded during the evolution were compared. 
There was no worsening of the anatomic picture even 
in patients who had poor functional status (Figure 1). 

The group of surgically treated patients did not 
have new fibrosis formation when the studies per- 
formed in the postoperative period were compared. 
These findings were confirmed by the necroscopic 
studies performed in the 2 patients who died in the 
late postoperative period, in whom we did not notice 
new fibrotic tissue formation. After reoperation, we 
did not notice return of fibrosis, confirming the obser- 
vations of many other surgical groups. 

There are still several unknown aspects in the devel- 
opment of EMF.' It is probably a dynamic disease, 
with an initial inflammatory stage, followed by an intra- 
cavitary thrombotic process with late fibrosis formation. 
In the inflammatory or in the necrotic phase, hypereosin- 
ophilia and a eosinophilic endomyocarditis are probably 
the main findings, followed by thrombus deposition in the 
damaged surface. Subsequently, deposits of fibrosis will 
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FIGURE 1. Cineventriculograms recorded in 1979 and 1990, 
in systole and diastole, showing no evolution of the disease. 
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genesis of EMF. 
“survival is followed by fibrous scarring and thickening. 
-Even when it reaches this stage, the disease has a poor 
prognosis, often in patients in functional class III or IV. 
So, the usual clinical picture of the disease is character- 

ized by fibrosis as the end stage of a probable eosinophilic 
heart disease, leading to deformation of the ventricles. 
_ Balakrishnan et al,” in 1986, suggested the possibility 
of progression or new appearance of angiographic evi- 
dence of fibrosis in the unaffected ventricle of 2 patients. 
1is raised the possibility of a slowly progressive disease 
ina few cases. Lepley et al® thought that new formation 
of fibrotic tissue would not occur because fibrosis is a 

‘scarring process. 

Gupta et al,? in 1989, showed E progres- 
~- sion of the disease in 8 patients, with repeated cardiac 
catheterization over a period of 2 to 3 years. They showed 

.. progression of the disease in the same ventricle and new 
involvement of the previously uninvolved ventricle. If the 
patients are still subjected to the environmental factors 
responsible for the disease, the recurrence could theoret- 
ically occur. Metras et al!® and Davies et al!! disagree 
with this point. They noticed no recurrence of the fibrosis 
despite the persistence of the predisposing factors in their 
series. 
->= Dubost et al,!* in 1990, did not observe recurrence of 
the fibrosis in 6 patients who died in the late postopera- 
_ tive period and in 12 patients who underwent repeat 
ae operation because of bioprosthetic dysfunction. 
In the last 12 years we examined 142 patients with 
EMF in our institution. From this group, we selected 22 

























: 7 Heart Disease 


a Michael F. Flanagan, MD, Maribeth Hourihan, MD, and John F. Keane, MD 


-ephropathy has long been recognized as a 
-potential complication of cyanotic congenital 
wh. N heart disease (CHD).! Previous studies have 
cee ‘deationstrated that glomerular enlargement, mesangial 
- > hypercellularity, glomerular capillary congestion and 
segmental sclerosis occur in some patients with cyanotic 
i CHD. ! Functional abnormalities including decreased re- 
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appear. This i the most acceptable theoty i in the patho. | K 
sath can occur at any stage, and a long © 


— Incidence of Renal Dysfunction in Adults with Cyanotic Congenital 
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PE O Tn these Series, i no p 
worsening of the disease. 

These results suggest that this cae of | 
evolutionary in character, confirming the hypott 
ventricular fibrosis is only the consequence of a pri 
ly healed disease, and not a changing process. — 
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nal plasma flow and glomerular filtration rate, azotemia, - 
abnormal uric acid secretion, proteinuria and nephrotic. 
syndrome also occur in some patients with cyanotic — 
CHD.*>> The incidence of renal abnormalities increases 
with the degree of cyanosis and accompanying erythro- 
cytosis.? Previous studies*? and our clinical experience’ 
suggest that the incidence of renal abnormalities may 
also increase with increasing duration of cyanosis. Owing. 
to advances in cardiovascular surgery, growing numbers: 
of patients with cyanotic CHD are now surviving longer: 
into adulthood and may be at risk for developing renal 
abnormalities that may seifioandy is influence their elini 
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6/34 (18) 
7/49 (14) 
4/42 (10) 





ic witt abnormal UA 9/34 (26)* 
with normal UA 12/49 (25)* 
"Repaired CH3 38/42 (90) 


poy 20.05 versur paired congenital heart disease. 
CHD: = i salad disease; CV = cardiovascular; UA = urinalysis. 















wrmalities in Urinalysis in Adults with Repaired 
ire? Cyanotic Congenital Heart Disease 








Patients 






Cyanotic (%) p Value 


25/83 (30) 





Acyanotic (%) 
0/42 (0) 





‘| Proteinuria (> BCO mg/d!) 








p <0.001 







| Erythrocytes > 3¢HPF 9/83 (11) 0/42 (0) p = 0.027 

1 Leukocytes 2 3.4IPF 14/83 (17) 4/42 (10) p= NS 
Casts 14/83 (17) 0/42 (0) p = 0.004 
Any of above 34/83 (41) 4/42 (10) p <0.001 






HPF = high-powe: field; NS = not significant. 





= abnormalities in a clinical population of adult patients 
-with unrepaired cyanotic CHD has not been previously 
reported. 

We retrosnectively examined the occurrence of re- 
nal function abnormalities in a clinical population of 
adult patients with cyanotic CHD and erythrocytosis. 

-~ Patients were selected from the computerized records 
of the Cardicwogy Department at Children’s Hospital 
=- in Boston, Massachusetts, if they were 221 years of 
~~ age and trea*2d between 1973 and 1989 for cyanotic 
- CHD with a “ematocrit 255. A control group of age- 
` matched (22. years) acyanotic patients with cyanotic 
< CHD repaired 210 years previously was also exam- 
ined, All patwnts in this study had undergone cardiac 
catheterization with fluoroscopic excretory urogram. 
All other date: were obtained from the hospital medi- 
cal records. 

Parametes of renal function studied included se- 
- rum creatinine, blood urea nitrogen, and dipstick and 
+ microscopic .rinalysis obtained in patients after 21 
` years of age. Urinalyses were obtained routinely be- 
fore cardiac zatheterization and surgery, and during 
outpatient vesits in the emergency department. The 
most recent result was reported. The previous urinaly- 
sis was repor-ed if the most recent was associated with 
a urinary træt infection (documented by culture) or 
was accompanied by a significant number of epithelial 
cells indicatwg contamination. Proteinuria was de- 
fined as = 2+ vrotein (= 100 mg/dl), hematuria as = 3 
red blood cel.« per high-power field, and pyuria as 23 
white e blood Moa high-power fi 
































“Transposition 


a, Fallot of Great Cyanotic CHD Syndrome CV Surgery 
(%) Arteries (%) (%) (%) (%) 





ld. at Uric acid lev- Sty 

























13/34 (38)* 
24/49 (49)* i 
42/42(100) J 





16/34 (47)* 
23/49 (47)* 
0/42 (0) 


3/34 (9%) 
7/49 (14) 
0/42 (0) 
















other factors that might influence renal function, in- 


cluding congenital urinary tract anomalies, recurrent _ a 
urinary tract infections, endocarditis-induced glo- ae 
merulonephritis, systemic h ypertension, clinical con- 
gestive heart failure and medications. Review of. med- oe 
ications was performed with particular attention to 
current use of any medications (specifi cally, cap- oe 
topril, furosemide, thiazides, triamterene, sulfon- 
amides, penicillin, phenytoin and allopurinol) and * 
history of aminoglycoside or vancomycin toxicity. 
The results reported are mean + standard deviation. 
Statistical analysis of the differences among 3 groups 
was done with a l -way analysis of variance and, when 
appropriate, Student- Newman-Keuls test. Compari- 
sons between 2 groups were done with Student's t test. 
A p value >0.05 was considered significant. - 
The inclusion criteria were met in 113 cyanotic 
patients; 83 of these had undergone urinalysis at our 
institution after their twenty-first birthday and they 
formed the study group. The control group consisted 
of 42 “repaired” acyanotic patients who had under- 
gone urinalysis at our institution after their twenty- 
first birthday. The age distribution of the cyanotic. — 
CHD (mean 26, range 21 to 49 years) and control 
(mean 27, range 21 to 41) patients was similar. Fifty- 
seven percent of the patients with cyanotic CHD and ~. 
48% of the control patients were women (p = not sige 
nificant). The diagnoses in the cyanotic and control 
groups are listed in Table I. All control patients with 
cyanotic heart disease repaired 12 to 24 years earlier. < 
had tetralogy of Fallot or transposition of the great. 
arteries. Many patients with cyanotic CHD had more 
complex cyanotic heart disease (p <0.05 vs acyanotic = 
patients), although a significant number of patients 
with cyanotic CHD were in each diagnostic group. 
Urinalyses were abnormal in 34 of 83 patients with ” 
cyanotic CHD (41%) compared with only 4 of 42 
control patients (10%) (p <0.01) (Table IT). ‘Control 
patients with urinalysis abnormalities were limited to` 
women with a pyuria spite to 18 white e blova ells ; 






















































cyanotic patients with abnormal urinalyses com- 
ared with 0.8 + 0.3 mg/dl in those cyanotic patients 
it í normal urinal 'yses (p <0.05). Three cyanotic pa- 
tients developed azotemia of sufficient magnitude to 
_ require chronic dialysis. One of these patients subse- 
. quent to starting hemodialysis had successful surgical 
repair of tetralogy of Fallot at age 25 years and then 
-underwent renal transplantation. The 2 other patients 
-` had nephrotic syndrome and mild azotemia. Immedi- 
itely after surgical repair at 29 and 36 years of age, 
pectively, both developed renal failure that re- 
quired hemodialysis. These 2 patients subsequently 
died 2 weeks and 2 months, respectively, after surgery. 
<- The cyanotic patients with abnormal urinaly- 
` -ses-tended to have a slightly greater hemoglobin 
(206428 g/dl vs 186+45.7 g/dl, p= 0.06) than 
{those with normal urinalyses. Cyanotic patients with 
abnormal urinalyses did not differ from those with 
normal urinalyses in their frequency of acute tubular 
necrosis, endocarditis, urinary tract infections, con- 
i genital urinary tract anomalies, systemic hyperten- 
"sion or congestive heart failure (Table HT), or in their 
-chronic use of medications (Table IV). One cyanotic 
patient developed azotemia and nephrosis following 
staphylococcus aureus endocarditis and membranous 
proliferative glomerulonephritis. 
_. This study demonstrates the incidence of renal dys- 
-function in a relatively large clinical population of young 
adults with cyanotic CHD. Over one-third of the cyanot- 
-ic patients (mean age 26 years) have urinary abnormali- 
` ties suggesting glomerulopathy. This incidence is signifi- 
cantly higher than that in the acyanotic control group 
with surgically corrected cyanotic CHD, suggesting that 
_ the abnormalities are not, as a whole, the result of CHD 
< or its surgical treatment. Cyanotic patients with abnor- 
mal urinalyses have a serum creatinine twice as high as 
those with normal urinalyses; 15% developed nephrotic 
_ syndrome and 9% developed renal failure. No other fac- 
5 tors, such as urinary tract infections, congenital urologic 
oe anomalies, congestive heart failure and nephrotoxic med- 
Boe ications, were significantly related to these urinary ab- 
ae normalities. 
A primary limitation of this stds is the retrospective 
- _ design. Although proteinuria, active sediment or ne- 
- phrotic syndrome occurred in over one-third of young 
-adults in this survey, these abnormalities were not seen in 
21 younger children (mean age 6 years) with cyanotic 
;; > CHD studied by Passwell et al. * In this study, nephrotic 
“syndrome and azotemia were not detected in patients 
until after age 21 years. Therefore, the risk of glomerulo- 



































Serum. creatinine was naed to l7+ 26 ó medi | 


pathy may i increase vith. age. Iti is is possible t that : as the, Wee 


TABLE Hil Other Potential Risk Factors for 7 Renal Disease 
Patients with Cyanotic Congenital Heart Disease* _ | 












| ‘Patients i aa 





- Cyanotic with 
Abnormal UA 


Cyanotic with 
Normal UA (%) 

































Urinary tract anomalies 0/49 (0) 1/34 (3) 
Recurrent urologic infections -0/49 (0) 0/34 {0) - 
History of acute tubular necrosis 1/49 (2) 0/34 (0) 
History of endocarditis 4/49 (8) 4/3312). 
Congestive heart failure 21/49 (43) 15/34 (44) . 
Systemic hypertension. 2/49 (4) ABAU 

(2145/90 mmHg PET, aa. 
History aminoglycoside toxicity 0/49 (0) 2/34 (6) 
Diabetes mellitus 





0/4940) 0/38 (0) 


*Ail values not significant. 
UA = urinalysis. 


TABLE IV Chronic Medication Use and Urinalysis 
Abnormalities in Patients with Cyanotic Congenital Heart- 
Disease* 


Patients ; 
With Normal UA (%) With Abnormal UA (%) | 
18/34 (53) : 











29/49 (59) 





Any medication 
























Digoxin 16/49 (33) 7/34 (21) 
Furosemide 8/49 (16) 4/34 (12) 
Thiazide diuretic 6/49 (12) 3/34 (9) 
Spironolactone 5/49 (10) 3/34 (9) 
Captopril 0/49 (0%) 0/34 (0) 
Penicillin class antibiotics 1/49 (2) 3/34 (9) 
Sulfa antibiotic 0/49 (0) 0/34 (0} 
Phenytoin 5/49 (10) 4/34 (12) 
Allopurinol 1/49 (2) 1/34 (3) 






*All values not significant. 
Abbreviation as in Table H, 


These results indicate a need for a prospective analysis of 
renal function in adults with chronic cyanosis. The poten- 
tial for development or progression of renal dysfunction 
may need to be considered in the timing of surgery in 
patients with cyanotic CHD. 

Because renal dysfunction may occurin patients with ea 
cyanotic CHD, and may mimic or complicate the clinical. 
appearance of congestive heart failure and adversely in- 
fluence pharmacologic and surgical treatment,* renal 
function should be routinely monitored in these patients. ` 
We now obtain urinalyses routinely i in our adult patients — 
with cyanotic CHD, and more frequently in those with. ' 
symptoms of systemic fluid overload. Serum creatinine, — 
blood urea nitrogen and albumin are monitored if the 
urinalysis is abnormal or the patient is receiving medica- - 
tions that are excreted by the kidneys orare nephrotoxic i 
(e.g., contrast agents). 
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Maintaining Smoking 





C essation i in Women 


Bess H. Mercus, PhD, Anna E. Albrecht, RN, MS, Raymond S. Niaura, PhD, 


David B. Abrams, PhD, and Paul D. Thompson, MD 


“sy uccessful smoking cessation is a problem for many 
Me, smokers and the 1-year quit ratio among smokers 

F is <1%.'! Women may have lower cessation and 
higher relaps rates than men? and their risk for develop- 
-ing heart disease and lung cancer has increased signifi- 


ae cantly in recant years. Physical activity offers a healthful 


alternative t smoking: it facilitates regulation of body 


weight, moderates mood changes> and improves re- 


-= sponses to stzess. 
We examined the effects of physical exercise on 
smoking reapse. Twenty healthy women (aged 20 to 
50 years) wao had smoked = 10 cigarettes each day 
for at least ¿ae past 3 years and had exercised once per 
week or less “or at least the last 6 months were recruit- 
ed. 

` Subjects who were in good health and did not take 
medications or abuse drugs or alcohol, provided in- 
formed content. All women underwent maximal exer- 
cise testing an a bicycle ergometer using a protocol 
that consisted of 2-minute stages with 20-W incre- 
ments per ctage. Subjects exercised to volitional 
fatigue. Estimated maximal oxygen consumption 
= (VOzmax) as calculated from the maximal work 
< load. Subjects were then randomly assigned to a 
_ Smoking cessation program alone or to the same pro- 
a gram plus «cle ergometer exercise. 
© The smoking cessation program consisted of eight 
_1-hour behezior modification sessions over 4 weeks. 
© These were wd by the same behavioral psychologist 
- and included-sessions on stimulus control, coping with 
cravings anë high risk situations, stress management 
` and relaxa‘son techniques. The psychologist was 
- aware of tre:tment conditions, but followed the same 
. procedures wath each group. Sessions for the 2 groups 
were conducwed separately and the 2 groups had no 
interaction furing the course of the study. 
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Subjects were considered to have made a success- 
ful 24-hour quit attempt if they reported 24 hours f 
abstinence and had a carbon monoxide level <8 ppm? 
Seven days of abstinence was validated by saliva co- > 
tinine, a metabolite of nicotine, of <10 ng/ml? on the 
last day of smoking cessation treatment. The 1-, 3- 4 
and 12-month abstinence rates were also measured by 
saliva cotinine. | 

Exercise training consisted of 3 supervised sessions: 
per week for 15 weeks. Each session included 30 to 45 
minutes of cycle ergometry at 70 to 85% of the sub- 2 
jects’ previously determined maximal heart rate. 
Subjects were allowed to substitute treadmill walking _ 
or rowing for cycle ergometry once per week. Exercise o 
training started 3 weeks before the smoking cessation 
treatment to allow adaptation to exercise before at- 
tempting abstinence. Exercise training continued for 
the 4 weeks of smoking cessation treatment and Jorg 
subsequent weeks. The supervising exercise physiolo- : 
gist did not discuss smoking cessation with the sub- 
jects. Exercise adherence was assessed by attendance : o 
at required exercise sessions. AG 





There were no differences between subjects in the 2 
groups at baseline for age, weight, cigarettes smoked 
per day, estimated VO,max or expired carbon mon- 
oxide (Table I). | AS 

All subjects completed the smoking cessation K 
treatment. Seven of the 10 subjects who were in the 
program of smoking cessation plus exercise complet- 













TABLE I Baseline Characteristics 






‘Smoking 
Cessation + 







Smoking Cessation | 


Variable Alone (n = 10) 






Age (years) 

Cigarettes/day 

Expired carbon monoxide level 
ppm). | 







29 12 






























ho withdrew developed medical problems unrelated 
to the study and 1 had a scheduling conflict. The 
remaining 7 subjects who exercised attended 88% of 
the training sessions. Their mean training heart rate 
s 80% of maximum. Estimated VOzmax increased 
ficantly with training in subjects who were in the 
pl ng cessation plus exercise program (26 to 31 
min) (Table ID. Estimated VOmax did not 
gein the subjects who underwent smoking cessa- 
he 24- hour quit rate was 80% for subjects in 
king cessation alone and 70% for those in smok- 
g cessation plus exercise, but only the subjects who 
ex ercised maintained their abstinence. The 2 subjects 
who exercised but ceased training for medical reasons 
came to all follow-ups and provided smoking data. 
< The remaining subject who withdrew did not attend 
follow-ups and was counted as a smoker. There was a 
- signifi cant difference in the 7-day abstinence rate at 
the end of smoking cessation treatment in favor of the 
exercise group (5 vs 0 subjects). Four of these subjects 
~ “remained abstinent at 1 month, 3 at 3 months and 2 at 
- 12 months after smoking cessation treatment. 
-< Three studies?"!! have examined the contribution of 
_. physical exercise to smoking cessation. Russell et al,? in 
the only study of healthy women, found that exercise 
-training did not prevent smoking relapse, but exercising 
-subjects failed to adhere to the training regimen and to 
a achieve physiologic evidence of a training effect. Hill!® 
also found that exercise training did not prevent smoking 
_ relapse, but this study lasted only 5 weeks and may not 
have been of sufficient duration to reveal an exercise 
effect. Taylor et al!! found no difference in the rate of 
~” smoking cessation or the frequency of relapse in men who 
did or did not exercise after a myocardial infarction, but 
oe no formal smoking cessation program was provided. 
_ The findings of the present pilot study suggest that 
exercise training improves quit rates. This study included 
several methodologic improvements over existing studies 
including a state-of-the-art smoking cessation program, 
a supervised exercise program sufficient to produce car- 
jovascular adaptations, documentation of changes in 
ardiovascular fitness by exercise testing, and verification 
f smoking abstinence by salivary cotinine and expired 
arbon monoxide. 
We were surprised that none of the subjects who 
nderwent smoking cessation alone maintained absti- 
ence despite 24-hour quit rates, typical of the literature. 
vy smokers (225 cigarettes/day) are more likely to 
dent c on | nicotine and thereon less likely to 































































reise pnditioning protocol, Two. ‘subjects i 





1. ie CB 


iEn H Bony Weight afd Estimated a Vomar at E 
at 15 Weeks 














Smoking Cessation 
Alone (n = 10) 







Variable initial Change Cha 


















Weight (kg) 57+7 21" 66216 0 
Estimated VO,max 2625 O+2 2626 ! 
(mi/kg/min) 







*Significant difference (p <0.01) within group over time. 
All values are mean + standard deviation. 
VO,max = maximal oxygen consumption. 







tive treatments, such as physical exercise or a pharn 
logic aid. | i 
The “exercise effect” in the present study may be 

to more frequent contact among the exercising subj 
and with staff. We are examining this possibilit : 
including a standard smoking cessation condition and : 
“equal contact” condition designed to separate the effects 
of exercise from the effects of the frequent contact re- 
quired by supervised training. Nevertheless, these pre- 
liminary results suggest that exercise training combined : 
with behavioral smoking cessation treatment is useful i in n 
the maintenance of smoking cessation. a 
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Cardiac Transplant Waiting Lists, Donor Shortage and 
Retransplantation and Implications for Using Donor Hearts 


Paul A. Mullins, MRCP, John P. Scott, FRACP, John J. Dunning, FRCS, Dan J. Aravot, FRCS, 
Stephen R Large, FRCS, John Wallwork, FRCS, and Peter M. Schofield, MD 


darz therapy for end-stage heart failure.! The 

shortage of donors is the limiting factor in heart 
transplantation.> Much emphasis has been placed on 
increasing danor referrals? and appropriate management 
of potential donors to widen the donor pool.* An alterna- 
tive approach is to examine potential cardiac transplant 
recipients and identify patient subgroups with poor sur- 
vival. We assessed the impact of donor shortage on the 
mortality of datients awaiting operation. 

Between March 1979 and September 1990 >1,318 
patients wee referred for assessment for cardiac 
transplanta” on at Papworth Hospital in Cambridge. 
Of these, 776 patients were suitable for formal trans- 
plantation cesessment. After thorough review, 588 pa- 
tients were accepted onto the cardiac transplant wait- 
ing list, 56 petients were placed onto a provisional list, 
and the rersaining 132 patients were rejected. Our 
reasons for exclusion in the rejected group were active 
infection, malignancy (including previously treated 
disease), ratzed pulmonary vascular resistance (>4 
Wood units) recent pulmonary infarction, extensive 
cerebrovasc.adar or peripheral vascular disease, active 
peptic ulceration, psychological or social unsuita- 
bility. 

Twelve patients have undergone cardiac retrans- 
plantation e Papworth Hospital up to September 
1990; 1 patieat has had a second cardiac retransplant. 
Therefore a ‘otal of 13 grafts (4%) of the series are 


C ardiac transplantation is established as the stan- 
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retransplants. Nine patients were men and the re- 
maining 3 were women. Five patients received “dou- 
ble” immunosuppressive therapy (cyclosporin and ei- 
ther azathioprine or steroids) and 7 received “triple” 
therapy (cyclosporin, azathioprine and steroids). The 
causes of the first graft failure include primary organ 
failure (1 patient—I1 day postoperatively), acute re- 
jection (3 patients—median 11 days postoperatively 
[range 9 to 41 days]), coronary occlusive disease (8 
patients, 9 grafts—median 1,833 days postoperative- 
ly [range 191 to 3,232 days}). 

The numbers of patients undergoing cardiac re- 
transplantation were too small for extensive risk fac- 
tor analysis. To detect differences in outcome for vari- 
ous factors, Fisher's exact test was used where appro- 
priate. 

Of the group of 588 people on the active waiting 
list, 399 patients (68%) received their first heart 
transplant of whom 353 (60%) were men. Treatment 
varied according to the time of operation. Initially, 
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FIGURE 2. Causes of death in 145 pa- 
tients with cardiac transplants, June 
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(<1 year) are primary organ failure, 
d infection. As graft failure from these 
ecomes less common, coronary occlusive dis- 
se becomes the most important late complication 
>I year). All causes of death are shown in Figure 2. 
There is no “emergency” category of patients 
awaiting transplantation at our hospital. However, it 
-is our practice to operate on the sickest patient on the 
— waiting list. Despite this policy, 136 patients (23%) 
o died while awaiting operation. Mean time from accep- 
ae to death was only 66 days. 
~ _ Eight patients died within a year (67%). This is in 
a contras. to a l-year mortality of 17% (38 of 221 
- : grafts) in the total group of patients receiving triple 
_ immunosuppressive therapy. Seven patients died in 
the hospital soon after reoperation (median 11 days 
— [range of 0 to 17)). Mean age was 45 years (range 25 to 
___ 57), which is similar to a mean age of 44 years (range 
 6to 63) for the whole group of transplanted patients. 
-~ Three patients developed “late” graft failure, i.e., 
— afier discharge from the hospital. One patient died at 
-93 days from infection, and | patient died from acute 
~ rejection 2 years after reoperation. Another patient 
~ developed severe heart failure due to end-stage coro- 
» nary occlusive disease after 6 years, and underwent a 
"second retransplant. This patient is currently alive 
— ‘ and well 3 years later. The other 2 living patients are 
-alive at 9 months and 4.3 years postoperatively. 

_ It is apparent that without operation a large propor- 
tion of patients who are on cardiac transplant waiting 
lists will die. The critical lack of donor organs has empha- 
sized eat t the best arene must be realized from each 






























com e difficult to assess in such a small group of 
ients. Seven patients underwent operation after for- 
assessment for transplantation. All of these pa- 
survived for >1 year and had coronary occlusive 
é ‘he patients surviving for. >100 days fall into 

ese categories (p <0 001, Fishi a 
with infection, rejecti n Lor 
ved beyond: 93 days. piot 











3. pie ane Organ dongrs in the UK—-getting thenumbers right. Lanc 


Other possible risk factors related to poo 
which were assessed, included age at retran 
serum creatinine before operation, treatment 
operative infection, number of rejection epis 
megalovirus status of donor or recipient, original 
sis or preoperative hypertension. None of these corr 
with a poor prognosis, but again the numbers of p 
involved are small. z 

International experience of cardiac ratrahsplan 
also suggests that patients who have a cardiac ret 
plant have a worse outcome with-an overall l-yea 
al rate of 49% compared with adult patients who. 
cardiac transplant for the first time (81%).! In addi 
patients undergoing surgery within 1 menth of the i 
transplant had particularly poor results, with a 1-ye 
survival of only 37%. In addition, patients undergoing 
retransplantation for coronary occlusive disease have 
higher subsequent incidence of coronary disease than 
patients having a transplant for the first time.° In combi- co 

nation with our data, this suggests that precious organs — 
should probably be reserved for primary cardiac trans- 
plantation. a 

The high mortality in patients undergoing retrans- coe 
plantation at Papworth Hospital reflects the early at- . 
tempts to salvage very sick patients with primary organ 
failure, rejection and infection. As experience has grown 
and the donor shortage has become critical, the emphasis __ 
has shifted away from emergency operations. The long- 
term complication of heart transplantation is coronary _ 
occlusive disease. This disease is often progressive and — 
this allows proper evaluation of all factors involved in _ 
reoperating on the individual patient. If there is any role 
at all for cardiac retransplantation, it lies within this 
group of patients. : 

Thus, donor organs are a scarce resource in most 
branches of human organ transplantation. Without oper- 
ation a large proportion of patients on cardiac transplant — 
waiting lists die. Cardiac retransplantation is associated — 
with a high postoperative mortality compared with re- 
sults in patients with a first transplant. Patients who have ~ 
been formally reassessed for reoperation, i.e., patients — 
with coronary occlusive disease, have a better prognosis - 
than patients who undergo emergency operation. i 
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a orednisolone Means nti have at not been 
documented. I report here the results of a prospective, 
long-term fo:low-up study on 118 patients with Takaya- 
< su’s disease. ^ comparison of the angiograms obtained at 
different tinazs in 1 patient was made. Using the life-table 
method, dee-ease in the percentage of patients who re- 
quired predmsolone therapy is estimated. In addition, the 
method of prednisolone therapy is given attention. 

During z 32-year period, from May 1957 to De- 
cember 1985, 118 Japanese patients with angiography 
: or autopsy-groved Takayasu's disease, or both, were 
examined, t-eated and prospectively followed up for 
1147 years (mean + standard deviation) after the 

diagnosis. The present report concerns these 118 pa- 
tients (9 men and 109 women). The average age at the 
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TABLE i Ang»graphic Follow-Up of 14 Women with Takayasu's Disease 
ESR (mm/hour) 


Steroid Angio- 
Therapy graphy Aorta BCT CCA 


Prednisolone Therapy: Nine Active Patients 





time of the diagnosis and the onset of symptoms and — 
signs was mean + standard deviation 30 + 11 years 
(range 8 to 64) and 23 + 8 years, respectively. There = 
were 14 patients followed angiographically. — 2 
Concerning the disease activity, a persistent. P $ 
rocyte sedimentation rate of 220 mm/hour Wester 
gren was considered to indicate the inflammatory a 
tive stage of the disease and one <20 mm/hou 
inactive stage.’ At the diagnosis, there were 90 
with active disease and 28 (24%) with inactive d 
Active patients were selected for oral prednis lo 
did not receive it, 9 became inactive and 3 re ma 
active during the follow-up period. Among. the 
active patients with prednisolone therapy, comple 
withdrawal of prednisolone was feasible for 20 pa- 
tients, 39 were still taking prednisolone therapy as of 
December 1988 and the remaining 19 had an inter- 
rupted prednisolone therapy. The initial daily dose of 
prednisolone prescribed was usually 30 to 50 mg; this 
dose was gradually reduced to the first maintenance _ 
dose, usually 15 to 25 mg (rarely 30 mg), up to the end — : 
of the first month of initiation of treatment. A mainte- 
nance dose was usually continued for at least 3 to6 — 
months, often 12 months or longer. Further adjust- es 
ment of the daily dose after the first presente main- 
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tenance dose was usually made by a 5 to 10% reduc- 
tion of the preceding maintenance dose. The effects of 
prednisolone withdrawal were usually monitored by a 
> persistent erythrocyte sedimentation rate value of 
<20 mm/hour. The cumulative percentage of patients 
who required prednisolone therapy was estimated us- 
ing the life-table method.’ The complete withdrawal 
of prednisolone associated with a persistent erythro- 





FIGURE 1. Thoracic aortograms (subtraction) in patient 109. 
A, at age 18 years, 7.4 weeks with prednisolone therapy, 
there is a stenosis of the left midsubclavian artery, and lumi- 
nal irregularities of the left common carotid, brachiocephalic 
trunk and upper thoracic aorta. B, at age 22 years, 3.8 years 
after therapy, there is regression of the narrowing and disap- 
pearance of the luminal irregularities. 
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cyte sedimentation rate of <20 mm/hour was used as 
the end point. 

Of the 14 patients followed angiographically, Ta- 
ble I compares the effects of prednisolone therapy in 
the 9 active patients with the remaining 5 who had no 
or an interrupted prednisolone therapy. In the former 
9, all but | patient (case 107) with no significant 
improvement showed angiographic evidence of im- 
provement in the involved arteries, including 2 (cases 
97 and 112) with partial progression. Angiograms are 
shown of case 109 (Figures 1 and 2), 108 (Figure 3) 
and 93 (Figure 4). Among the latter 5 (Table I), 3 
active patients with no or an interrupted prednisolone 
therapy and | inactive patient showed angiographic 
evidence of progression, and the final active 1 was 
improved and became inactive, even with no ingestion 
of prednisolone. 

Figure 5 shows the average daily dose of predniso- 
lone and the average erythrocyte sedimentation rate 
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FIGURE 2. Abdominal aortograms (A and B) in patient 109 
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value at yearly intervals during 1 month to 12 years in 
59 patients in the active stage. The high erythrocyte 
sedimentat‘on rate (average 89 + 37 mm/hour) be- 
fore prednisolone therapy was rapidly and markedly 
improved (aerage 26 + 19 mm/hour) within the first 
month of intiation. The average initial daily dose was 
37 + 13 mg Of the 59 patients, 20 completed prednis- 
olone thercpy during the average period of 9+ 3 
years (range 4 to 19). In these 20, there was no flare- 
up of the d-rease activity during the average interval 
of 2.9 + 2.1 years from the complete withdrawal of 
prednisolore to December 1988. In the 78 active pa- 
tients receivaig prednisolone therapy, including 19 re- 
ceiving an mterrupted prednisolone therapy, the 12- 
year percert of patients who required prednisolone 
therapy after initiation was mean + standard error of 
the mean 53 + 9%. 

The present series shows that in 8 patients with active 
Takayasu's cisease, adequate, long-term prednisolone 
therapy plays a major role in obvious angiographic im- 
provement of arterial lesions because of the rare occur- 
rence of spon aneous improvement of the involved arter- 
ies. There appears to be documentation on only 2 cases of 
spontaneous “egression of stenosis, including case 103 
reported herz and | reported elsewhere.? The inactive 
one (case 544 was asymptomatic but progression was 
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FIGURE 3. Aortic arch aortogram (subtraction) in patient 
108. A, at age 17 years, 12 weeks with prednisolone therapy, 
there is severe stenoses of the right common carotid (upper 
arrow), the brachiocephalic trunk (lower arrow) and the right 
subclavian artery. B, at age 18 years, 1.9 years after therapy, 
there is a markexi or moderate improvement of stenoses of 
these vessels. 


evident on the angiograms. The sites of progression were 
probably in the subclinical, active stage, as described 
elsewhere. !0 

To prevent frequent flare-ups of high erythrocyte sed- 
imentation rate, with or without symptoms during the 
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FIGURE 4. Abdominal aortogram in patient 93. A, at age 9 
years, 32 weeks with prednisolone therapy, note stenosis of 
the left renal artery, no evidence of the superior mesenteric 
artery and stenosis of the thoracoabdominal aorta. B, at age 
18 years, 10.3 years after therapy, there is a regression of 


ESR (mm/h) 


initial dose 


E 
EA 
3 
` 
lsg 
£ 
w 
z 
O 
J 
O 
2 
z 
Q 
m 
« 
a. 


OR 8, Be Ort Bs Sasi 
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FIGURE 5. Prednisolone treatment regimen and erythrocyte 
sedimentation rate (ESR) during 1 month to 12 years of fol- 
low-up in 59 patients with active Takayasu's disease. Num- 
bers in parentheses indicate those who completed predniso- 
lone therapy. Mean values + standard deviation are shown. 
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ipering off of prednisolone, the following is important: 
(1) continuation of the first maintenance dose for at least 
3to 6 months; (2) care not to make too rapid a reduction 
” in the dose of prednisolone, particularly during the first 2 
or 3 years from the initiation, to reach 15 mg/day; and 
(3) very gradual tapering from the maintenance dose of 5 
_ or 7.5 mg/day in the late period of prednisolone therapy. 
_ When the erythrocyte sedimentation rate is persistently 
` $10 mm/hour during 3 to 6 months on a maintenance 
~ dose of prednisolone, a small reduction in dose is usually 
feasible 
oes _ This prospective follow-up of 118 patients with Ta- 
ee kaysu’ s disease for 11 + 7 years revealed that dramatic 
improvement often occurs in patients receiving adequate 
_ prednisolone therapy. For most such patients, a pro- 
-longed prednisolone therapy is needed to control the dis- 
»/ ease activity, reflected by high erythrocyte sedimentation 
` «Tate, before a complete withdrawal of prednisolone can 
<- be considered. This study also provides a guideline for 
long-term prednisolone therapy for patients with active 
o T akayasu' s disease. 















































- Noninvasive Estimation of Left Ventricular Contractile State and 
__ Afterload in Normal Newborn Infants 


-Hiroshi Igarashi, MD, Hirohiko Shiraishi, MD, Hideki Endoh, MD, 


and Masayoshi Yanagisawa, MD 


-ardiac performance is altered by loading condi- 
tions and by heart rate, especially in newborn 
‘ infants. Ejection phase indexes such as ejection 
, fraction and fractional shortening might be useful in 
7- evaluating their cardiac function. The clinical use of 
these indexes is limited by the inability to distinguish 
-between the effects of altered loading conditions and of 
abnormalities in left ventricular contractility. The rela- 
tion between end-systolic endocardial meridional stress 
and the rate-corrected velocity of circumferential fiber 
-shortening i is a sensitive echocardiographic method for 
oe evaluating left ventricular contractility, which is relative- 
_ ly independent of loading.'-> There have been no reports 
on the relation between endocardial meridional stress 
- and rate-corrected velocity of circumferential fiber short- 
ening in newborns, We studied the relation between en- 
docardial meridional stress and the rate-corrected veloci- 
ty of circumferential fiber shortening in normal newborn 
infants to determine the normal values and to estimate 
the contractile state. 
We evaluated 26 normal full-term infants, aged 65 
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fants, none of whom had cardiovascular symptoms or 
signs and were confirmed to have no congenital heart 
disease including patent ductus arteriosus by 2-di- — 
mensional echocardiography and color flow imaging 

(SSH-65A, 5-MHz transducer, Toshiba, Tokyo). We > 
obtained all the measurements while the infants were — 
asleep without sedatives. First, to evaluate the circu- 

larity of the left ventricle, we measured the internal 

diameter along the anteroposterior axis and that 
along the transverse axis at the papillary muscle level 
in the ahaa view by 2-dimensional echocardiog- : 
raphy. We compared these 2 diameters using a. 
paired t test and considered a p value <0.05 as statis- 
tically significant. Hard copies were made of the 3 
multaneous recordings of the M-mode echocardic 
gram of the left ventricule at the tips of the mitral 
valve leaflets, electrocardiogram, phonocardiogram — 
and indirect carotid pulse tracing with a paper speed 
of 100 mm/s. We also obtained systolic and diastolic 
blood pressure simultaneously. Left ventricular inter- 
nal dimension and posterior wall thickness were mea- 
stole and end-diastole i in 5 consecutive > 

















TABLE | Means + Standard Deviations (SD) and Ranges of 
Clinical Data Indexes of Systolic Function and Wall Stress in 26 
Normal Infacts 


Mean + SD Range 









Age (hours) 78+ 6 65 to 90 
Weight (g) 3,086 + 444 2,370to 4,190 
Body surface sea (m2) 0.20 + 0.02 0.18 to 0.23 
Rate-correctef VCF (circ/s) 0.87 + 0.18 0.57 to 1.22 
Fractional sheeening 0.24 + 0.05 0.16 to 0.34 






Endocardial reeridional stress (gcm?) 53.5 +11.3 33.2 to71.1 


VCF = velocity of circumferential fiber shortening. 


root of the ®R interval. The end-systolic pressure was 
estimated #y assigning the noninvasively obtained 
peak systo.w pressure to the peak and end-diastolic 
pressure to “he nadir of the carotid pulse with subse- 
quent linear interpolation to the level of the incisura. 
From these data we calculated the rate-corrected ve- 
locity of c#cumferential fiber shortening, fractional 
shortening and endocardial meridional stress. The 
latter was ~alculated by the method of Grossman et 





al' (Table 1). Linear regression analysis was used to 
determine the significance of the correlations between 
the rate-corrected velocity of circumferential fiber 
shortening or fractional shortening and endocardial 
meridional stress. 

Left ventricular shape was found to be circular in 
our study; the anteroposterior diameter of the left 
ventricle (11 + 1 mm) was not significantly different 
from the transverse diameter (11 + 1 mm) in systole. 
The relation between endocardial meridional stress 
and the rate-corrected velocity of circumferential fi- 
ber shortening in normal newborns is shown in Figure 
l, and that between endocardial meridional stress and 
fractional shortening is shown in Figure 2. There was 
an inverse linear correlation between endocardial me- 
ridional stress and the rate-corrected velocity of cir- 


cumferential fiber shortening (r = —0.48, velocity of =~ 


circumferential fiber shortening = —0.0075 end-sys- 
tolic endocardial meridional stress + 1.27, p <0.05) 
and between endocardial meridional stress and frac- 


VCF = 1.27 - 0.0075 x ESSm 


r=-0.48 
n= 26 


VCF (circ/s) 


© 20 3 .40. 50: 66 70° 8 
ESSm (g/cm?) 





FIGURE 1. Relation of endocardial end- 


fiber 
shortening (VCF) in 26 subjects. The lin- 
ear regression equation is given and illus- 
trated along with 95% confidence inter- 
vals (dashed lines), correlation coefficient 
(r) and the number of subjects (n). 
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F S = 0.36 - 0.0023 x ESSm 
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al a stress and the ae velocity 
f circumferential fiber shortening in newborn infants 
1s in agreement with the observations made by Co- 
an? and Franklin?’ and their co-workers in older in- 
fants and children. We therefore consider this relation 
be applied to all pediatric age ranges. The values of 
endocardial meridional stress in our study were high- 
r than those reported for older infants. This might be 
plained by the elevated afterload due to loss of the 
alacental circulation and the change in environmental 


eelocity of fiber shortening relation: 4 load-indepen 

contractility. J Am Coll Cardiol 1984;4:715-724. Ree gy 
2. Colan SD, Trowitzsch E, Wernovsky G, Sholler GF, Sani 
AR. Myocardial performance after arterial switch operation 


the great arteries with intact ventricular septum. Circulation | A 
14i. 


ae for noninvasive iani of left seak annales state cand 
in children. 4m J Cardiol 1990:65:505-510. ne 
4. Graham TP, Franklin RCG, WR RKH, Gooch V, Deanfield JE. 5 


Circulation 1986; -7A(suppk D:L-61 1-69, : 
5. sha KM, Colan SD, Neumann A. Altered left t ventricular n me 


mechanics in ihe cal ce ea: Circulation 1987: 16: 1029- 1036. k 
7. Grossman W, Jones D, McLaurin LP, Wall stress and patterns of hy 
in the human left ventricle. J Clin Invest 1975;56:56-64. | 


ansesophageal Echocardiographic Characterization of Pulmonary 
\ ein Flow Not Due to Atrial Contraction or Mitral Regurgitation 


: [Tomasz J. Pasierski, MD, Mary A. Alton, MD, and Anthony C. Pearson, MD 


4 n normal human subjects who are in normal sinus 
rhythm, transthoracic echocardiographic studies 
have. demonstrated that blood flows from the pul- 
onary veins into the left atrium during both systole and 
astole,! Using transesophageal echocardiography, we 
ave demonstrated that a brief period of flow reversal 
| __ characterized by retrograde left atrial to pulmonary vein 
~ flow is seen in most normal subjects during left atrial 
~ gontraction.? Recent studies have demonstrated the im- 
- portance of recognition of pulmonary vein flow reversal 
occurring during systole as a marker of severe mitral 
reg rgitation. 3 In ae in atrial fibrillation, however, 


a the flow eka noted in sinus a 
ft upper pulmonary venous flow was recorded 


(Hewlett-Packard 77020 Sonos 500 and Sonos 1000) _ 
was introduced to a depth of 25 to 30 cm. The left — 
upper pulmonary vein was identified with the aid of — 
color-flow imaging. The pulsed wave Doppler sample 
volume (3 mm in length) was placed in the left upper- 
pulmonary vein an average 0.5 to 1 cm from its orifice. — 
Mitral inflow was recorded using pulsed wave Dopp- 
ler with the sample volume located between the tips of — 
the mitral leaflets. An electrocardiographic II lead 
was recorded simultaneously. All Doppler recordings 
were printed on a strip-chart recorder at a speed of — 
100 mm/s for further off-line analysis. 

During each cardiac cycle, forward systolic flow? ; 
forward diastolic flow and flow reversal were identi- 


TABLE | Clinical Characteristics of Patients in Sinus Rhythm 
and with Atrial Fibrillation 


Normal Sinus Rhythm Atrial Fibrillation 


Age (years) 
Number 

Heart rate 
Ejection fraction 
No MR 

1+ MR 
2+MR 

3 + MR 

4 + MR 


| Clinical diagnosis 
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TABLE II P_imonary Venous Flow Characteristic of Patients in 
Sinus Rhythes and in Atrial Fibrillation 


Normal Atrial 
Sinus Rhythm Fibrillation 








No. of patie-ts 
Pulmonary enous flow rever- 
sal 

Early 11 
Late 3 


lao 


Time from P wave to onset of 97 + 30 
early pulmonary venous 
flow reveal (ms) 
Time from P wave to onset of 84 + 23 — 


mitral lat=’nflow (ms) 

Time from QRS onset wave to — 72 + 22 
onset of pulmonary venous 
flow reve =! (ms) 


Time from @RS onset to the — 67 + 26 
end of meal inflow (ms) 

Pulmonary *=nous flow rever- 22+6 22+8 
sal veloci y (cm/s) 

Pulmonary nous flow rever- 1.9 + 1.0 1.4 + 0.4 
sal integra: (cm) 

Pulmonary nous flow rever- 12+8 13+8 


sal/forwa « flow ratio (%) 


fied in pulmonary venous velocity tracings and the 
velocity, dw»ation and flow-velocity integral calculat- 
ed. Intervals from onset of P wave and from onset of Q 
wave to begeining of pulmonary venous reversal were 
calculated (Figure 1). Mitral inflow tracings were 
used to cal~ulate the interval between the P wave of 
the electroeardiogram and the beginning of mitral 
inflow caused by atrial systole and the interval be- 
tween the bezinning of the ORS and the end of mitral 
inflow. The interobserver linear regression standard 
error of essenate was <6 ms for all measurements. 
The values vere averaged from 5 cardiac cycles for 
patients in sanus rhythm and 6 to 8 cycles for patients 


Mitral 
Inflow 


Pulmonary 
Venous 
Flow 


Normal Sinus 
Rhythm 





with atrial fibrillation. The severity of mitral regurgi- 
tation was graded from | to 4+ based on maximal 
color flow jet area? An unpaired Student's t test was X 
used to compare continuous variables in the 2 groups. 
Pearson’s correlation coefficients were calculated. A p 
value <0.05 was considered statistically significant. 
All values are given as a mean + standard deviation. 

Two types of reversal of pulmonary venous flow 
were identified (Table I1). The first pattern, designat- 
ed “early reversal,” always occurred before the ORS 
with an onset averaging 97 + 30 ms after the onset of 
the electrocardiographic P wave. The reversal lasted 
99 + 36 ms (mean velocity 22 + 6 cm/s) (Figure 2). 
The early reversal pattern was found in I1 of 12 
subjects (91%) in normal sinus rhythm but in none of 
the patients with atrial fibrillation. The time from P 
wave to onset of the early reversal valve correlated ~ 
(r = 0.97) with the time from P wave to onset of for- 
ward mitral atrial systolic flow (Figure 3). 

The second pattern, termed “late reversal,” always 
followed the QRS, with an onset averaging 72 + 22 
ms after the beginning of the ORS (Figure 4). The 
reversal lasted 88 +22 ms (mean velocity 22+8 
cm/s). Late reversal was found in6 of 9 subjects (66%) 
with atrial fibrillation, none of whom had significant 
mitral regurgitation. In 3 subjects with normal sinus 
rhythm both early and late reversal patterns were 
noted (Figure 5). The time from Q-wave to onset of 
late reversal of pulmonary venous flow correlated 
with the time from Q wave to end of mitral inflow 
(r = 0.85) (Figure 6). There was no significant differ- 
ence in peak velocity, flow-velocity integral, flow du- 
ration or flow reversal/forward flow ratio between 
early and late reversal patterns. 


= = 


set of P wave to beginning of 

venous reversal; Jeft top, onset of P wave 
to onset of A wave of mitral inflow; right 
bottom, onset of Q wave to beginning of 

pulmonary venous reversal; right top, on- 
set of Q wave to end of mitral inflow. 

AV = late mitral inflow; EV = early mitral 
inflow. 


Atrial 


Fibrillation 
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Pulmonary venous flow reversal in subjects with pre- 
served left atrial contraction was previously described by 
Smallhorn et al.4 On the other hand Keren et al! did not 
find atrial reversal in any of 18 subjects in whom right 
upper pulmonary venous flow was analyzed with surface 
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normal sinus rhythm. Arrow, pulmonary venous flow reversal. 
D = diastolic flow; S = systolic flow. 
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FIGURE 3. Relation between the time from electrocardio- 
graphic P wave to Doppler onset of pulmonary flow reversal 
(P-OPFR), and the time from electrocardiographic P wave to 
Doppler onset of late mitral inflow (P-OMAV). 





FIGURE 4. Late pulmonary venous flow reversal in patient in 
atrial fibrillation. Arrow, pulmonary venous flow reversal. 
D = diastolic flow; S = systolic flow. 





echocardiography. The presence of pulmonary venous 
flow reversal after atrial systole can be explained by 
regurgitation of blood into the pulmonary veins due to 
transient reversal of the gradient between the pulmonary 
veins and left atrium during left atrial contraction. This 
regurgitation does not seem to be hemodynamically im- 
portant, as shown by the low reverse to forward flow ratio 
(12 + 8%). 

Flow reversal in pulmonary veins in patients with 
atrial fibrillation not related to mitral regurgitation has 
not been previously described. This “non-atrial” flow 
reversal is very similar in magnitude and duration to 
“atrial” flow reversal in patients with sinus rhythm. 
However, the timing of the later reversal is clearly differ- 
ent beginning an average 80 ms after the Q wave. Be- 
cause the onset of this flow is so closely related to the end 
of mitral flow, a causal relation is suggested. Late rever- 
sal may be explained by a transient reversal of the left 
atrial-pulmonary venous gradient due to transfer of 
blood contained within the mitral valve during ventricu- 
lar systole into the left atrium. Meissner et al,> using 
electromagnetic flow probes, measured a transient period 
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arrow, early reversal; thin arrow, late reversal). 
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FIGURE 6. Relation between the time from onset of QRS to 
Doppler onset of pulmonary flow reversal (Q-OPFR) and the 
time from onset of QRS to Doppler end of mitral inflow (Q- 

MVC). 
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eae during the latter two-thirds of systo- 
as left atrial pressures increase.3 In contrast, the late 
reversal we Fave identified begins in the first 120 ms after 
onset of the QRS and immediately after mitral clo- 
In the: current study, left atrial venous backflow 
occ rring jus’ after the QRS was also found in 3 patients 
n sinus rhy-am with short PQ intervals. In these sub- 
cts, the mit-al valve might not have been closed when 
-ventricular stole occurred. Interestingly, the magnitude 
of regurgitation is the same for patients with early and 
_. late regurgitetion. 


— Dilution of Potent Drugs 


Michel Millersau, MD 


amy potent drugs prescribed with a precise 
desage require the use of an automatic sy- 
riwe. There are many ways, often aided by 
an abacus, tc sompute the patient’s weight, the dosage in 


~~ pg/kg and drag dilution. We report a convenient dilution 


-method currzntly used in our hospital designed for any 
drug through which a l-ug/kg/min dosage is obtained 
with | ml/hour. 
-~ An amorat of drug equal to 3 times the body's 
weight (in kg is diluted to 50 ml with water: 3 X body 
weight (kg) = drug amount (mg) in 50 ml. This im- 
plies 1 ml/heur = 1 pg/kg/min. 

Example i: dobutamine for a 50-kg patient — 
50X3 = 120 mg in 50 ml. This implies 1 ml/ 
hour = 1 wgtkg/min. 


„From the Depar:ement d’Anesthésie, Centre Hospitalier, 44600 Saint- 
Nazaire, France. Manuscript received March 4, 1991; revised manu- 
script received aad accepted April 1, 1991. 


ea described. ‘Although the hemody 


cance of this reflux appears to be negligi 
understanding of atrial mechanics may be g 
further study. 
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When a dosage of 0.1 wg/kg/min is desirable in the : . 


case of more potent drugs, a simple 10-fold dilutionof 


the drug is necessary: 0.3 X body weight (kg) = drug ae 
amount (mg) in 50 ml. This implies 1 mijhóut = = 0. I 
ug/kg/min. | 

Example 2: norepinephrine for a 80-kg patient 
80X 0.3 = 24 mg in 50 ml. This implies 1 ml 
hour = 0.1 ug/kg/min. With a speed range between 
and 30 ml/hour, resulting outflow varies from 0. 25 : 
3 ug/kg/min. 

For epinephrine that requires a smaller dia 
extra 10-fold dilution is applied: 0.03 X body weig 
(kg) = drug amount (mg) in 50 ml. This impli e 
ml/hour =0.01 ug/kg/min. 

Example 3: epinephrine for a 67-kg patient 
67 X 0.03 = 2 mg in 50 ml. This onpi 
hour =0.01 ug/kg/min. 

This dilution offers a safe and convenient meth 
is quickly effective in emergency situations witho 
an abacus or calculator. 
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ee VIMENTIN mRNA LOCATION IN MUSCLES CHANGES 
"DURING DEVELOPMENT 


Linda H, Cripe, M.D." Eric Mortis, and Alice B. Fulton, 
Ph.D, Department of Pediatrics, Division of Pediatric 


oe Solo University of lowe, lowa City, 1A S242 


The mRNAs for some cytoskeletal proteins are localized, 


~ suggesting that mRNA for cytoskeletal. proteins may 
~ concentrate at sites appropriate for assembly. To test this 
hypothesis, we observed vimentin mRNA in developing 
chicken muscle cultures by in situ hybridization. with a 


“digoxigenin labeled DNA probe to vimentin, detected by 
-confocal microscopy using fluorescent anti-digoxigenin 


 —anilbody, This method has submicron resolution. In 


developing muscle, vimentin mRNA was bipolar in young 
E myoblasts, somewhat perinuclear in elongated myoblasts and 


spread. fibroblasts, and diffuse in young and developing 


‘myotubes. ‘In mature myotubes, vimentin mRNA occurs at 
-costameres: with vimentin protein. Localization of mRNA 
may | prove as important for assembling and maintaining 
‘differentiated cytoskeletal as it is for organizing the embryo. 
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SINGLE CHANNEL RECORDING OF CALCIUM 
CURRENT IN NEONATAL RABBIT | 
VENTRICULAR MYOCYTES | Fuhua Chen’, Glenn 
T.. Wetzel, William F. Friedman, FAAP, Thomas S. 
Klitzner Dept. of Pediatrics, University of 
California, Los Angeles, School.of Medicine 
„Previous whole cell recordings have shown that 
Ca’* current density in immature ventricular myocytes 
is smaller than in adult cells. However, little is 
known about the properties of single Ca’? channels in 
neonatal heart cells... Accordingly, single Ca’* 
channel characteristics. were investigated in ventricular 
myocytes isolated from neonatal New Zealand white 
rabbits (2-5 days) using the cell-attached patch clamp 
technique. Cell membrane potentials were zeroed by 
bathing the cells in solution containing 140 mM K*- 
aspartate. The recording pipette solution contained 
110 mM Ba’*. A test depolarization to +10. mV 
from a holding potential oP -80 mV elicited unitary 
currents of 0.96+.01 pA {mean+SEM, n=12) at a 
temperature of oF C, similar to single | L type Ca 
channel currents measured in other p ions. 
Ca’* channel : = times ranged: from ( 6 to 3.8 ms 
with a mean of 1.940.1 (n=12), At least 1 channel 
opening was observed in 75 percent of 100 ms 
depolarizations. Averaging 3 depolarizations with 
channel ey the mean open time of the channel 
over the 100 ms clamp period was 3.65+0.27 ms 
indicating a plied open-state probability Pas) (P,,..) of the 
channel. No superposition of channel openings were 
measured in these 12 neonatal celis suggesting a low 
channel density. The results demonstrated. that single 
Ca’* channel activity can be recorded in neonatal 
ventricular myocytes. We speculate that the lower 
P and channel density may contribute to the smaller 
macroscopic Ca™ current in immature heart cell. 










nT, Wermel" Thomas S. Kiitzner, William F. 
dman FAP ” Dept. of Pediatrics, University of 
ria, Lo Angeles, School of Medicine., 

-o Immature cardiac myocytes are deficient in 
-sarcoplasmic -«ticulum and are dependent on trans- 
_ sarcolemmal €a”* influx for tension generation. _ 

_. However, the eurrent density of voltage-gated Ca” 

-channels is smaller in neonatal than adult nr 













cytes. Acccrdingly, we have measured Na’-Ca”* 
exchange currant (Iy,-cq) in ventricular myocytes 





= isolated from 7 to 3 day old rabbits using the whole 
_. cell voltage clanp technique. Na” and K” channels 
are blocked wi. tetrodotoxin, Cs", and tetra- 
-ethylammonium. Internal Ca” is buffered with 
ethylene _bis-(-aminoethyl ether) tetraacetic 
- acid (EG A). Sutward I,,-c. (outward ne a 
inward Ca”* cwrent) is measured durin 
depolarizatiors (internal [Na*]=20 mM). hace a 
time indepencent and increases sorei y with 
membrane po:ential. Iy,-ċa current density at 0 mV 
increases from 0.64 +0.03 to 1.67+0.17 and 2.324 
0,16 pA/cm’ iz 0.1, 1 and 10 mM external Ca** 
respectively (rean+SEM, n=4). Iy.-cq IS decreased 
. by increasing concentrations of external Na’ 
(1.69+0.14, 1.590. 10, 0.88+0.11 «A/cm? in 40, 80 
and 120 mM Kat, re egtively, n=5). Ina-ca iS also 
_ inhibited by exernal Ni” and low internal Ca”. 
Tape currents.are roughly comparable to peak 
influx viz her rar Ca” channels in 
neonatal m ocytes (4.30.4 „A/cm, n=18, in 10 
cwever, in contrast to Ca” influx via 
iced a’ " channels, Ina- does not 
inactivate rapidy. Thus I, cg, may provide a 
significant conmaonent of ‘Ca** influx during 
`- contraction in Enmature myocardium. 
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DEVELOPMENTAL ELECTROPHYSIOLOGIC EFFECTS OF 


Charleston, S 29425 
This study compares the electrophysiologic 
 @ffects of prapafenone (P), 5-hydroxypropafe- 
none (50P), amd ethmozine (E) on the trans- 
menbrane action potential (TAP) of Purkinje 
fibers from awit and neonatal canines. 
Using microelectrode techniques, either P, 
SOP or E were serial superfused for 20 
minutes at ccmpentrations of 1 x 107M through 
1 x 107M. Meximm action potential amplitude 
(AMP), maximum: diastolic potential (MDP), 
phase 0 depolarization (¥_), and action 
potential duration at 50%”(APD,,), and 90% 
_ Yepolarizatice (APQ,) were compared before 
and after eac: drug sinha raton, Results: 
All compounds: showed s ar concentration 
dependent. depression of and amplitude in 
both age grows. For repolarization effects, 
however, thers were significant developmental 
enibited by all compounds. P, 
od and E ali zigniticontly shortened 





in 
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EFFECT OF MITOCHONDRIAL CA++ CONTENT. ON: 
OXIDATIVE PHOSPHORYLATION IN (THE 
NEWBORN HEART. ae 
Mohamed A. Seliem, MD*, FAAP, Bernard. 
J. Clark III, MD, Jeffrey Closter. The > 
Children's Hospital of Philadelphia ro 

PA. EE 












We hypothesized that ; in newborn. 
heart mitochondria (M) , a measured 
change in M Ca++ does not affect 
oxidative phosphorylation(0O-P) but they. 
depend on extra-M ADP for O=P - 
stimulation . Hearts (n=5) from newborn >. 
piglets were removed and perfused with 
1 mM EGTA and M were isolated by © 
differential centrifugation. Five other | 
hearts were not perfused and their Mo 
were used as controls. Both M (perfused. 
and control) were loaded with fura-2/AM © - 
and Matrix Ca++ was measured using a 4-) =c 
channel fluorometer /spectrophotometer. a 
M (without fura) were then incubated o 
with 10 mM of pyruvate, glutamate or R=- =S 
ketoglutarate as well as ATP and ADP, . 
State 3 & 4 rates of 02-consumption 

(nAo/mg/min) were measured by Clark | 
electrode. g | 

Perfused M Control M P 
Ca++ (uM) 0.016+40.008 0.140.071 <0.0001 




















































S3: Pyruvate 258426 319458 NS 
S3:Glutamate 199425 253439 NS 
S3:K-KG 220436 260437 NS 


Conclusions:(1) M Matrix dehydrogenases 
for the substrates tested were not. 
affected by lowering Ca++ content: 
significantly. (2) O-P in newborn heart. 
M is stimulated mainly by extra-M ADP. 
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REGULATION IN CARDIAC CELL CULTURE OF A GENE ACTIVE IN EMBRYONIC 
AND HYPERTROPHIED HEART 
Tim C, McQuinn, M.D.+, Kuo~Cheng Yin, Robert J. Schwartz, Ph.D. 
+Pediatric Cardiology, Baylor College of Medicine, Houston, Tx. 

Since the olpha smooth muscle actin (ASMA) gene is only 
active in myocardium in the pre~loop heart ond in cordigg. 20000-0005 
hypertrophy in the post-natal heort, the mechanisms of ifs 0. © 
activation are of grect interest. Because gene aclivotion and inoe~ 
tivation are in part the results of nuclear proteins binding at specific 
DNA sequences, we examined DNA sequences from the promoter {o 
key regulatory region) of the ASMA gene for function in cultured ~ 
cardiac cells. We created 15 mutations by progressively shortening a 
690 bose poir {bp} fragment of the ASMA promoter. The mutations 
were linked to the protein coding portion of the chtoramphenico! 
acetyllronsferase (CAT) gene. The hybrid genes were transfected into =| : 
cultured embryonic cerdiac myocytes (CoM) and embryonic skeletal oo =o o 0 
myoblasts (SkM) and the resulting CAT enzyme activity meosured. | 

in CaM, the ASMA gene is active, and the hybrid genes showed 
high levels of CAT activity for the 7 deletions between -173bp and - 
400bp. In contrast, SkM, in which the ASMA gene is inactive, showed 
iow CAT ed for the same deletions. Promoter mutations of 
155bp or less were requiated in the some fashion by both cell types, 

The longest promoter sequences (690, 600, 500bp) showed tow CAT 
achwily in CoM. 

Conclusions: 1, DNA sequences from ~-155bp to -173bp con- 
tribule to cell type- specific regulation, 2. a first 1556p of the 
ASMA promoter contains DNA sequences with identical regulotory = 
roles in CaM and SkM, 3. Because the largest promoter fragments 
tested were of low octivly when the endogenous ASMA gene wos o 
highly octive, there are probobly additional DNA regulatory sequences 
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‘ SURGICAL EFFECTS IN THE NEURAL CREST-ABLATED 

3 MODEL OF HEART DEFECTS. 

*Linda Leatherbury, MD, FAAP, Pediatrics, Medical College of 
Georgia 








In chick embryos, ablation of premigratory neural crest for the 
third, fourth, and sixth aortic arch arteries frequently results in 
srsistent truncus arteriosus and interrupted aorta. Studies in 
rly cardiogenesis have shown In experimental neural crest- 
ablated embryos (EXP) decreased ejection fraction (EF) and 
r dilatation in order to maintain cardiac output (CO). 
| The EXP that survive to cardiac maturity have @ higher CO than 
< unoperated-CONTROLS. We hypothesized this Is due to a 
- surgically-induced decrease in vasculature resistance (VASC. 

: RESIST.) of the embryonic and vitelline vessels in the EXP. We 
measured EF and CO by cinephotography, and mean dorsal 
Eeeaes aorta and diastolic ventricular (approximates mean atrial) 
"> pressures by the Servo-Null pressure technique, to calculate 
=. VASC. RESIST. We studied 15 unoperated-CONTROLS, 8 
| SHAM-operated, and 13 EXP chick embryos at the looped 
-cardiac tube stage (stage 18). The SHAMS are klentical to the _ 

EXP. except neural crest is not ablated. Data are expressed as X 
+ SEM., with p < 0.05 = *. 

EF gO VASC. RESIST. 
at (%) (mm/min) (mmHg x min/mm”) 
CONTROLS  96+0.9 23.44+3.7 6,022+0.004 

— SHAMS _ 9442. 5-4} 32.9+4.2 001540005 + |» 

CO I 8742.7 32.3444  0.01410.006 

<>. We conclude that the EXP have a decreased EF compared to 

` SHAMS or CONTROLS. However, there is a trend for the CO to 
<". be elevated In SHAMS and EXP. Also, the VASC. RESIST. is 
decreased in both the SHAMS and EXP indicating this is a result 
-of the sham-effect of surgery rather than of neural crest-ablation. 
>... We speculate that re-sealing of the eggshell may cause 
== hypoxemia in the SHAM and EXP. Decreased VASC. RESIST. 
> and Increased CO may be compensatory mechanisms to 
-+ improve oxygen delivery. 
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RUF HEMODYNAMIC EFFECTS OF EPINEPRHINE & CAFFEINE 
ae ANo NEURAL CREST MATON h Vy dhiog : AAP, Dect 
Se *Roger B. Lane a nuck 
of Pediatrics, Medical College of Georgia. 
Epinephrine (EPI) and caffeine (CAF) induce outflow 
Suir chance, Wer induced by neural crest 
in chick embryos. We hypothesized that EPI+CAF 
produce cardiac defects via the same physiological alterations 
as are seen alter neural crest ablation. The purpose of this 
Fr’. study was to compare the hemodynamic effects of EPI + CAF 
“oo Meith those of neural crest ablation. Ringers solution (CRL) 
Hoi cong) or EPI + CAF (in dosages known to cause outflow 
-septation defects) (n=9) was applied tothe chorio-allantoic 
ee overlying the heart of stage 14 (day 2 of 21 days 
= Incubation} chick embryos. Hemodynamic measurements, 
“oc Aneluding heart rate hilt al cardiac pe ee (CO), shortening 
fraction (SF), truncal width (TW) and truncal length (TL) were 
~~ measured at stage 18 (day 3) by microcinephotography. 
These same measurements were made at stage 18 for 25 
x: neural crest-ablated embryos (EXP) and 23 sham-operated 
so embryos (SHAM). Results are presented as meant SEM, 
Sai acre to respective controls. 





Sa SF IW IL 
: a) ae EPM (out rin) (%) (mm) (mm) 
co ORL. 17463 45.261.9 66.5415 0.40¢.01 0.57Ł.01 
C EPI+CAF 1874 2* 47.8¢4.1 76.5¢3.9* 0.36t .01* 0.51¢.01* 
SHAM) 17143 55.925 47.8t2.8 0.48t.01 0.48.02 
a EXP 16864 60.8b2.5 49.64 1.7 0.444.01 0.48t.02 


EPi+CAF increased HR and SF and decreased TW and TL. 

Neural crest ablation had no effect on these properties 

>. compared to SHAM. We conclude that the hemodynamic 
effects of EP!+ CAF on the stage 14 to 18 chick embryo are 
not similar to those of neural crest ablation. We speculate that 
EP!+CAF may cause outflow septation defects by Increasing 

, tunca contractility and not claire T or . 

* function of neural crest cells... i 


Supported a NIH HOE Hoenn Ki1-HL02346 | s aes 
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ROMANO-WARD FAMILIAL LONG QT SYNDROME 


THE HLA REGION. Jeffrey A. Towbin*,: R 
Michael Giuffre, David Miller, Xue M. Thit, 
Edward R.B. McCabe, FAAP, J. Fielding = 
Hejtmancik. Department of Pediatrics 
(Cardiology), Baylor College of Medicine, =- 
RWLQTS is characterized by QT interval = 
prolongation + T wave abnormalities òn 
ECG, stress-induced ‘syncope, sudden death 
due to ventricular tachycardia, and. 
autosomal dominant inheritance without | 
hearing loss, Previous localization of 
the gene causing RWLQTS to the HLA region 
on the short arm of chromosome 6 (6p) by 
HLA typing has been controversial. 
Therefore, we used DNA probes within and 
flanking the HLA region on 6p to clarify 
linkage in this region in 6 families with 
RWLQTS. Using Southern blotting and 
polymerase chatn reaction. (PCR) dinucleo- 
tide repeat polymorphisms, evidence 
against tight linkage of RWLQTS to the HLA 
complex was provided by probes pCH6 (lod 
score = -3,.6, #@=0}, HLA-B? (lod = -7.0, 
=O), Cà (lod = -1.2, @=0), HLA-DRA (lod = 
0,13, #0), and dinucleotide repeat D6589. 
Multipoint analysis excluded linkage in 
our families with a lod score of less than 
-2.0, in a region extending from leM 
centromeric of DRS to 5cM telomeric of 
pcH,. Conclusion: Either RWLOTS lies 
outside the HLA complex and chromosome 6p, 
or genetic heterogeneity exists for the 


LQTS. 
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GLUTARALDEHYDE CROSSLINKING ENHANCES Ca** BINDING 
TO TYPE I COLLAGEN IN VITRO Barbara L. Cies- 
liga, Lisa D. Barkasi, Catherine L. Webb, MD, 
FAAP* 

Glutaraldehyde preserved bioprosthetic heart 
valves commonly degenerate due to pathologic 
calcification. Collagen is the primary struc- 
tural protein of these bioprostheses. This 
study was designed to test in vitro the hypothe- 
sis that collagen crosslinking secondary to 
glutaraldehyde treatment enhances Ca* binding. 
Type I collagen was prepared from immature rat 
tail tendons (male, CD, Sprague-Dawley, 150- 
200gm), and crosslinked with 0.6% glutaraldehyde 
(24hrs, 25°C). Crosslinked and non-crosslinked 
collagen were dissolved (0.05mg/m?l) in a phos- 
phate buffer containing pital ag including 
4meQ/L Ca“ with 0.0025mM/ml The two 
groups were incubated, | KAR. Sea 21 days. At 
various time points, binding was assessed 
by liquid A counting after filtra- 
tion. For the first five days of, „incubation, 
results showed no significant Ca“ uptake in 
either group. However, by 21 days, the cross- 
linked collagen bound a significantly greater 
amount of Ca than the non-crosslinked group 
Mp 2 t 1.6x10* ug Ca®™/mg collagen vs 1.6 ¢ 

0.9x10" ug Ca*’/mg collagen; n=5). The amount of 

bound to non-crosslinked collagen after 21 
ee was not significantly greate er than that 
bound after 1 day (1.6 t 0. -8x10 ug Ca**/ aa: 
collagen vs 0.0 + 2. a x10°° pg Ca“*/ing Ta SE i 
a We conclude that glutaraldehyde cross= ==. 
a bine enhances, = s nmu of soltagen, ae 
















AFTON oR THE RATE- DEPENDENT EFFECTS 
X JN CONDUCTION IN THE NEWBORN HEART 
Sairou Yamasaki, Adrienne Stolfi, 
w Clarkson, Arthur S. Pickoff, FAAP. 


w= Pediatrics, Tulane University 
icine, New Orleans, Louisiana 


Fehon (E) is a sodium channel blocking 


aie effects ‘of E on Hig-Purkinge 

Po „atraventricular (IVR) conduction 
utilizing inzracardiac stimulation and electro- 
gram recordiag techniques in 8 newborn canines 
“(8-15 days) “ollowing an intravenous dose of E 
(3 mg/kg bolas; 25-50 mcg/kg/min). All neonates 
were pretreated with propranolol (1 mg/kg IV) 
and surgical.” vagotomized. At rest E increased 
the HV interval by 15.8% (p<.03). During direct 
His bundle passing at increasingly shorter cycle 
.. lengths (300-.60 ms), E resulted in clear rate- 
-. dependent H?” conduction slowing (p<.001) with 
. conduction «.mes exceeding control (p<.01) at 
-paced cycle lengths < 220 ms. The time to 
reach steady state conduction slowing exceeded 


-H depolarizecions at paced rates < 200 ms. 
ioi Electrograms recorded from the RV apex became 
fractionated «nd increased in duration (p<.001) 


after E. His bundle extrastimulation was per- 

“formed (SIS. = 200 ms, S182 = 500-160 ms) and 
exponential curve fitting of the data revealed 
a time constent of recovery from rate-dependent 
conduction slewing of 131 ms. We conclude: 1) E 
causes rate~sependent changes in HP and IVR 
conduction cs the newborn. 2) The kinetics 
(onset and reeovery) of conduction delay in the 
newborn are reported, allowing predictions of 
E's activity :n vivo. 
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LIPOPROTEIN PŁOFILES IN HYPERCHOLESTEROLEMIC 
CHILDREN Rachard E. Garcia, M.D., Douglas 
Moodie, M.D., Cleveland Clinic Foundation, 
Cleveland, Oko 
Atherosclerosis is a process that begins in 
childhood. Coronary heart disease is the 
result of commiex interactions among a variety 
of risk factos of which hypercholesterolemia 
is but one. 
A routine sholestero]l screening of 6,500 
children after 3 years of age was carried out 
- in a private mediatric practice over a 2-year 
‘period in C.aveland, Ohio. Five hundred 
children were identified to have total 
cholesterol Jevels above the 95th percentile 
of 5.2 mmola@. (200 mg/dL). Lipoprotein 
profiles were tarried out on these children to 
= confirm ars: delineate their Lipid 
abnormalities... 

A definable lipid disorder was present in 
85% of this pepulation. Abnormal lipoprotein 
patterns inclostied 292 children with Type IIA, 
99 children with Type IIB, and 25 children 
with Type IV Shenotypes. ‘An abnormally low 
HDL cholesterzl level of less than 0.9 mmol/L 

° (35 mg/dL.) was. observed in 20 children. 
Only 5% of patients were originally 
i as having hypercholesterolemia 


“Thirty-two perzent of the children with total 
-gholesterol isvels above 5.2 mmol/L (200 
 mg/@L) had a <amily member (sibling, parent, 
aunt, uncle om grandparent) with a myocardial 
infarction przor to 55 years of age. Data 


. from the study supports universal cholesterol 


-screening after 3 years of age. Lipoprotein 
. profiles are .adicated for those children with 
levels above %.2 mmol/L (200 mg/dL) or with a 
family. history. of premature heart eclack or 
known hyperchs beatertlemin: er ee 


Eri 


THE EFFECTS OF ANABOLIC STEROID USE IN y 
MALE ADULT WEIGHT LIFTER: j 
Daniel Gwartney, Kris Berg, PhD, 
MD, FAAP(C), Barbara Elias, ‘schire 
*, University of Nebraska Medical 
Center, Omaha, Nebraska o 
To determine the effects of anabolic steroids - 
on cardiovascular fitness, body composition, 


cardiovascular function, lipid metabolism and _ 


blood chemistry values, we evaluated an age: 
matched group of weight lifters who either used 
"U"(10 pts) or did not use "NU"(10 pts) anabolic 
steroids. All subjects had a five year weight. 
training history of at least three times weekly, 
>one hr/session, Steroid history was of at least. 
three months duration at the time of the study. x 
The U group also had chemistry measurements | 
while off the steroid cycle for four weeks: 
Results while off cycle indicated sèrum 


cholesterol to be equal: U-162mg/dl, NU~ © 

162mg/dl1, although HDL-C values varied = 
significantly: U-33mg/dl, NU-49mg/dl with 45 
resulting chol/HDL ratios of 3.5 and 5.1.0: 
respectively. Similar results were evident 


while taking steroids. Three of the U group had 
abnormal BUN'’s and four had abnormal creatinine, 
Echocardiographic measurements for LV mass, 
LVIDD, LVIDS and IVS size did not vary for the 
two groups. There was no statistical difference 
in cardio-vascular fitness as measured by VO2 
max. These studies indicate significant 
differences in HDL-C levels in steroid users 
even when off cycle. The long term implications... 
of low HDL-C level suggests greater likelihood. 
of coronary artery disease in those who use.” 
steroids over a long period of time. 
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CATHETER RADIOFREQUENCY ABLATION OF 
ACCESSORY PATHWAYS IN PEDIATRIC PATIENTS WITH: 
WOLFF-PARKINSON-WHITE SYNDROME 

Hue-Teh Shih’, Joyce E. Hubbard, Lawrence S. Klein, — 
Douglas P. Zipes, William.M. Miles. Departments of Medicine 
and Pediatrics, Krannert Institute of Cardiology, Indiana =. 


University School of Medicine, VAMC, Indianapolis, IN. ee 


To eliminate tachycardias associated with accessory. 
pathways (APs) in Wolff-Parkinson-White syndrome (WPW), 
we pursued catheter ablation of APs in 27 patients (Pts) using = 
radiofrequency current (RF; 30-35 Watts) and defiectable 
large-tip electrode catheters. Ablation was not performed in 2 


pts: one had a right anteroseptal AP adjacent to the His bundie cere 


(parents' choice) and the other had neither inducible 


tachycardia nor retrograde AP conduction. Thus 17 boys and _ 


8 giris (age 2-18 years, mean 12.4 years) underwent ablation, 
with 8 Pts under age 10 years. Atrioventricular reciprocating 


tachycardia (AVRT) was present in 17 Pts, atrial fibrillation in mer 


both in 2, and the permanent form of junctional reciprocating 
tachycardia in 4; one Pt had no inducible tachycardia but the: 
AP conducted both antegradely and retrogradely. Three. Pig. 
had 2 APs. The distribution of the APs were: TAR i 
bidirectional (n=17) concealed (nett oo ai 
left free wall 9 ia 
right free wall 4 
right posteroseptal 2 : 
right septal 2 Gee ee 
Atter 1-20 RF impulses (median 4), tachycardia was no baa Geor 


present in 24 of 25 Pts (96%). Fluoroscopy time was 11.6-85. 


(mean 46.4) mins (n=10). Echocardiograms after ablation - 
revealed no new changes. Peak creatine kinase was 93-421 4 
(median 290) iU/dl, with MB 0-20% (median 6%) or 0-252. 8 ey 
(median 12.4) iU/di. The only complication, pulmonary `- ee 
embolism, occurred in the only. Pt in whom the ablation failed. 
AVRT recurred Spontaneously pe Pts and both had - ie 


au successful reabl ti 








ITE VENTRICULAR ARRHYTHMIAS IN PATIENTS 
FOLLOWING DIRECT CURRENT CATHETER ABLATION OF 
IE ATRIOVENTRICULAR JUNCTION James Perry 
FAAP,* Jeffrey Moak FAAP, Richard Friedman 
FAAP, “Debra Kearney, Arthur Garson Jr FAAP. 
as. Children’s Hospital, Houston, Texas 
“Early, reports of direct current 
atheter ablation (DCCA) of the atrio- 
‘dicular (AV) junction for resistant AV 
cardias documented efficacy of DCCA with 
e morbidity. Eight patients underwent 
at our institution 4-9 yrs ago: Three 
had DCCA in the coronary sinus (CS) for 
anent junctional reciprocating tachy- 
dia (PURT), 2 pts had His ablation, 2 had 
and His ablation for PJRT and one had DCCA 
yy congenital junctional ectopic tachy- 
cardia. Shocks (total 1-5) ranged from 12.5- 
400 joules. Five pts had pacemaker implant at 
the time of DCCA. During follow-up, 3 pts 
have developed clinical ventricular 
tachycardia (VT): all 3 had DCCA of the His 
bundle. One asymptomatic VT pt, who had DCCA 
= of- the bundle of His, died suddenly 6 yrs 
later with ventricular fibrillation. Autopsy 
= ooo revealed two ventricular scars: 1 extending 
fromthe AV junction, 1 in the outflow tract. 
- No patient with DCCA limited to the CS 
developed VT. The junctional tachycardia pt 
-~ has- right bundle branch block and a 
< — pacemaker, . but no ectopy. Conclusions: DCCA 
of the His bundle can result in late 
ventricular arrhythmias, possibly a result of 
>) extension of the DCCA lesion into the 
—cyventricle. These late findings should be 
considered in evaluating safety and efficacy 
of radiofrequency ablation. 





























COMPUTER GUIDED SURGERY FOR TACHYARRHYTHMIAS: 
© CURRENT RESULTS AND EXPECTATIONS 
oo David A. Ott, MD*, Arthur Garson, Jr., MD, FAAP, 
. James Perry, MD, FAAP, Jeffrey Moak, MD, FAAP, 
‘Richard A. Friedman, MD, FAAP 
Department CV Surgery, Texas Heart Institute 

: Advances in computerized mapping techniques 
-have had a positive impact on surgical results 
ooo In children with tachyarrhythmias. 1. Success 
oc vates for 210 patients from 3 time periods dur- 
dng the evolution of surgery for supraventric- 
ular tachycardia due to accessory pathways were: 
Pre ‘Computer Era 1977-82 N~41 Success~ 80.5 
ao 1982-88 86 95.3 
post: Computer Era 1988-91 83 100.0 
Average age was 11.5 yrs. and operative mortal- 
ity was 0.487. Computer enhanced methods suc- 
cessfully diagnosed multiple pathways in 19% of 
patients. © 2. Surgery for atrial ectopic tachy~ 
cardia was performed in 35 children (mean age 
8.6 yr.).° Multiple foci were present in 262%. 
Cryoablative. techniques were successful in 
eliminating tachycardia in 94.32 (33/35) of pa- 
tients with no mortality. 3. Operative mapping 
and excision, eryoablation or both eliminated 
tachycardia in 96.2% (25/26) of infants under 
2 yrs. with ventricular tachycardia. Myocar- 
dial hamartomas were responsible for tachycar- 
_ dia- in 62% (16/25). 4. Surgery eliminated 
tachycardia in 4/4 patients with A-V node re- 
entry tachycardia and 15/15 patients with the 
permanent form of junctional reciprocating 
achycardia, Definitive surgery aided by new . 
comp iterized mapping: ‘techniques | is. currently. a 
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"unexpected" death. Of 10 survivors, 8 had. 


: CONCLUSION: this initial study shows that the | 
safe. nd redictable therapeutic. option in. the. . . ne $ 
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SURGICAL THERAPY OF ATRIAL FLUTTER AFTE 
MUSTARD’S OPERATION: AN EXPERIMENTAL MO 
James Perry FAAP*, Kathy Sprague, Hiroyuk 
Noda, Ryousuke Matsuwaka, Arthur Garson Jr 
FAAP. Texas Children’s Hospital and Texas- 
Heart Institute, Houston, Texas = 

Early survival and. hemodynamic results. 
of Mustard’s operation - (M0) are excellent 
but late atrial flutter (AFL) is correla 
with sudden death. An animal model of MO 
developed in 15 beagles to investig 
potential surgical therapy” for AFL. An atr 
baffle is placed as in MO, but the mater 
is excised, leaving an intact: suture Ti 
The atrial septal defect is closed. There 
were 4 immediate post-op deaths and 1 late - 





























































inducible AFL 3-4 months post-op. AFL was =< 
induced by atrial extrastimuli or rapid =- 
pacing, — terminated ‘by overdrive pacing and > 
did not show "warm- -up". The AFL. cycle length: 
ranged from 160-205 msec. Epicardial mapping 
was performed with a 40-46 pair electrode 
plate. An area of slow conduction was present 
near the right lateral. suture line in 7/8. 00 7 
Fractionated electrograms were found around ©. 
the atriotomy. Epicardial activation during = 9 
AFL was “early” (compared to flutter wave) in `: 

the posteroinferior atrial groove in 4 dogs 

with apparent circuit around the tricuspid 
annulus. Epicardial cryoablation of this 

region in 3 dogs resulted in termination of 

AFL in 2. Conclusion: Suture lines and slow 
conduction provide the substrate for AFL. 
Epicardial mapping of AFL is feasible and 
surgical therapy for AFL in selected post-op 

MO patients may be beneficial. 
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EPICARDIAL PACING IN THE YOUNG: EVALUATION OF 
STEROID-ELUTION AND NEW ELECTRODE SURFACE 
Peter P. Karpawich MD FAAP*, Mehdi Hakimi MD, 
Eduardo Arciniegas MD, Dianne L. Cavitt GOVT, 
Children's Hospital of Michigan, Wayne State 
University School of. Medicine, Detroit, MI 
Steroid (S) elution at the pacing electrode- 
tissue interface may attenuate fibrosis (¥) and 
inflammation (I) resulting in low pacing 
threshold (Th). Since a microporous (MP) elec- 
trode (E) surface itself also reduces F and I, 
Th-lowering effect and need for S-elution with 
the new MP design are unknown for epicardial 
(Epi) E. This study reports the first clinical 
comparison of two new low Th Epi E in 13 chil- 
dren (mean age 10.4y): Hecrronte lead models 
10295A (surface area 14. 4mm? } (n=5) and 4951-P 
(10mm?) (n=8). Both surfaces are MP platinized 
platinum with <lmg dexamethasone in the model 
10295A only. Both. leads were used for atrial 
(A) and ventricular (V) pacing. At implant mean 
values showed comparable (p-NS) A and V sensing 
(mV), Th energy (uj) and impedance (0): 


A Vv Energy Impedance 
4951-P 2.6 15 0.8 416 
10295A 1.7 10 0.9 476 


Due to pulse generator vartiablity, chronic Th 
analysis compared mean energy (uj) at 5000 for 
both E at low output (2.5 or 2.7 volts): 

lwk 2wk 3wk 4wk 8wk 12wk 24wk 
4951-P 1.3 2:1 3.0 2.1 2.6 3.2 2.3 
10295A 2.0 1:7 1.2 1.0 1.2 1.0 9.6 
p Value NS NS NS NS .05 .05 .O1 











Low. Th. capabilities. Of E sf 
OE will permit use 
ators. in children. oe 


hiversity neson Hospital Minneapolis, A MN 
idé sine Æ a naturally occurring nucleoside, the 
and utiicy of which has not been thoroughly 
ated in ch Eiren with tachycardia. We reviewed our 
ence wick adenosine to assess its efficacy in 
ting tacaycardia and establishing arrhythmia 
anism, We gave 131 doses of adenosine to 40 
children (age days - 20 yrs, median 12 yrs) during 57 
arate elect-wphysiologic evaluations. 38/40 had 
documented nar-ow QRS tachycardia (28 orthodromic 
reciprocating tacaycardia), and 2/40 had wide QRS. 
Adenosine was given during tachycardia in 29/57 
studies, resultieg in termination in 25 of the 29 (86%). 
Further diagncstic information was sought in 36/57 
- Studies and wa: obtained in 34 of the 36 (94%). Given 
by rapid intravenous bolus, doses ranged from 50 to 350 
_mog/kg, mean 129452. Peripheral administration was 
7 effective i in 19/5 doses, central in 21/24 doses. Higher 
peripheral ther central doses were required for 
tachycardia temmination (163452 mcg/kg vs 113438 
acer p<.01:. Sustained tachycardia spontaneously 
recurred in 4/3 patients within 1 minute of adenosine 
administration. Fotentially serious side effects occurred 
in 4 patients, iwluding 1 each of transient apnea, >1 
“Minute asystox requiring resuscitation, accelerated 


E. ventricular tacycardia, and atrial fibrillation. Mean 


adenosine dose for these 4 episodes was 138 mcg/kg. 

o Our data demonstrate that adenosine may be useful 

_ therapeutically aad diagnostically in infants and children 
with tachycardia. Larger doses may be required for 

efficacy in peryheral IV administration. Serious side 

effects, though aot common, should be anticipated. 
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ELECTROCARDIZSRAPHIC AND ELECTROPHYSIGLOGIC 
FEATURES OF SATIENTS WITH ATRIAL ISOMERISM 
Ronald J. Karter*, Brenda E. Armstrong FAAP; 
Department of Pediatrics, Duke University. 
Pathologiz examinations of human hearts 
- having atrial isomerism have revealed double 
atrioventricular nodes and His bundles with a 
sling of condition tissue linking them. We de- 
scribe ECG(4) and electrophysiologic(3) proper- 
ties of 4 pts. with right-(RSI) or left-sided 
jsomerism(LSI} and complex heart disease. Three 
(2 RSI, 1 LSI} had 2 atrial pacemakers, with in- 
ferior P axes dn both with RSI and superior in 1 
with LSI. Every change in P axis had a specific 


-. PR interval avd QRS morphology. P axis change 


. preceded PR iterval and QRS change within 2 


< beats. Ventriculoatrial conduction(VAC) was ab- 


= sent in 1 pt with RSI; present, concentric, and 
decremental iw the other; and decremental in 1 
_with LSI. Atr#oventricular conduction (AVC) was 
“always decremental. An accessory electrogram was 
observed in 1 sach with RSI and LSI. It followed 
he QRS, had t@cremental anterograde properties, 
“and blocked pior to atrioventricular block. Ar- 
hythmias obs2=-ved included: paroxysmal supra- 
entricular tachycardia (SVT) in 1 pt each with 
RST and LSI; 2ctopic atrial tachycardia in 1 pt 
“with RSI; and “automatic junctional tachcardia in 
‘lowith LSI. We conclude that in pts with atrial 
isomerism: 1) 2 superior pacemakers exist in RSI 
32) AVC and "aC are decremental; 3) no specific 
winates; and 4) dual junctional 
yszems ey exist anes are functional. 


EARLY RESULTS AFTER PEDIATRIC CARDIAC | s 
TRANSPLANTATION. Charles E. Canter, MD*,: FAAP 
R. Morton Bolman, MD, Thomas L. Spray, MD, 
Pediatrics, Washington Univ., St. Louis, Mo. 
Use of orthotopic cardiac transplantation 
(TX) in children has prompted questions about . 
differences in results between infants and ~ 
older children. We compared the early results. 
of consecutive TX in 10 infants (median age at 
TX= 30 days; range, 10 days-11 months; median 
follow-up=9 months; range, 3-18 months) with 8 
older children (median age of TX=12 years; __ 
range 3-18 years; median follow-up=46 months; . 
range, 27-78 months). All received triple 
immunosuppressive therapy (prednisone, 
azathioprine, cyclosporine). Rejection vas 
monitored by endomyocardial biopsy in both 
groups. 9/10 (90%) infants and 7/8 (87%) 
children are alive. Both deaths were secondary 
to pulmonary vascular disease. There were 7. 
rejection episodes (none symptomatic, all > oe 
within 6 months of TX) in the older group and 4 - 
episodes in the infant group (1 Ca 
all within 3 months of TX). 1 episode of . 
infection in each group (pneumonia) required 
hospitalization. Complications included renal 


failure with dialysis (1 infant, 1 uded renal ` 


phrenic palsy (1 infant), intracranial bleed 
with seizures (1 infant), and ventricular 
fibrillation (1 infant). Posttransplant 
hospital stay was significantly (p<0.05) longer 
and costlier in the infant (m=27.4 days; 
range=10-80 days) than the older group (m=19.4 
days; range=11-48 days). Thus, TX with triple 
drug immunosuppression has a similar low early 
mortality, low incidence of rejection, and low 
number of significant infections in infants and 
older children and adolescents. 
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CYCLOSPORINE VS FK 506 IMMUNE SUPPRESSION IN 
PEDIATRIC HEART TRANSPLANTATION 

FJ Fricker FAAP*, JM Armitage, E Pahl FAAP, 

M Michaels, W Robichaux, K Lawrence, 

L Hangard, L Cipriani, LB Beerman FAAP, 
WH Neches FAAP, JA Ettedgui, DR Fischer FAAP, 

SC Park FAAP, FS Sherman FAAP, JR Zuberbuhler 


FAAP, TE Starzl. Children's Hospital and ` 


University of Pittsburgh, PA tee: 

Since 1989 with the introduction of the =. 
clinical use of FK506 immune suppression, 150 
children have received FK506 as primary immune. 
suppression after orthotopic heart 
transplantation (OHT). We compared their 
course over the first year after (OHT) with 15 
recipients receiving cyclosporine (CYLA) based | 
immune suppression between 1985-1989, The CYLA | 
group also received induction therapy with 


antithymocyte globulin (ATG) and maintenance nce 


therapy with azathioprine 1-2 mg/kg/day. and 
prednisone (0.1-0.3 mg/kg/day). 
CYLA FK506 = 
Age 5-17yr (m-12) 1-L5yr (m- -4) 
Indication: CAR/CHD 9/6 8/7 
Survival 14/15 14/15 
Acturarial free/rej]. 10% 50% 
Linear rejection .62 44 
episodes (100 pt/days) 
Hypertension (Rx) 11/15 17/45 j 
LDL cholesterol 144 mg% ñ 92 mgt m- 
Prednisone (maint) 10/14 2/14 | 
In summary, FK506 is comparable immune 
suppression to  CYLA for pediatric OH 


l Prednisone is. not required _ for: mainte 





CULT RESTRICTIVE HEMODYNAMICS AFTER PEDIATRIC 
RANSPLANTATION 
FAAPE, FJ Fricker FAAP, LB Beerman FAAP, 
SoN FAAP. Children’s Hospital of 
i stur, PA 
‘Right heart hemodynamics are routinely 
‘measured in children undergoing surveillance 
endomyocardial biopsy after transplant (HT). 
ex baseline hemodynamics were obtained (B), 
performed fluid challenges in 20 patients 
age 1 to 16 yrs from 6 months to 6 years 
HT. Normal saline infusion 10 cc/kg was 
stered intravenously as a bolus and 
modynamics and thermodilution cardiac outputs 
Response to volume expansion 
was eaempered to published controls (Ctrl). 
- Mean Pressures 


PAW 
8.542 .3 
15.043 .5 
6,342.1 
| ‘ 8.242.7 
oo) When compared to controls, 11 of 20 had an 
abnormal hemodynamic response to fluid 
oo¢hallenge, but no significant change in cardiac 
index. Baseline hemodynamics and VE response 


did not predict biopsy evidence of rejection. 


Immunosuppression was triple therapy in 16 and 


ee -FK506 in 4 and no difference was found between 
oo these groups. The abnormal increase in CVP, 


-wedge and ventricular diastolic pressures after 
- VE suggests unmasking of restrictive physiology 
after HT, and may be common. The etiology is 


cunknown but does not appear to be related to 


_ Chronic rejection, time after HT, or type of 
immunosuppression. 


INTERMEDIATE AND LONG TERM (5 TO 15 YEAR) 


oo SURVIVAL AFTER THE MODIFIED FONTAN OPERATION 

on Patrick W, O'Leary*, David J. Driscoll, FAAP, 
-Kenneth P. Offord, Robert H. Feldt, FAAP, 
Hartzell V. Schaff, Francisco J. Puga, Gordon 
K. Danielson, Section of Pediatric Cardiology, 
Mayo Clinic, Rochester, Minnesota. 
Early results of the modified Fontan opera- 


tion (MFO) are wel] documented. In order to 
determine relatively long term surival and its 


predictors, we studied 352 pts who had MFO 


between 1973 and 1985. Follow-up was complete 
and current in 96%. The pts had 3 groups of 
lesions: tricuspid atresia (TA, n=125), double 
tntet left ventricle (DILV, n= 114) and complex 
single ventricle (n=113). The overall 30 day, 
145- and 10-yr survival was 84, 77, 70 and 
60%, respectively. Pts with TA had the best 
outcome (p<0.001), with 5- and 10-yr survival 
of 80/70%. Those with DILV and complex forms 
nad 5- and 10-yr survivals of 73/57%, and 
~§6/52%, respectively. We studied 15 potential 
“predictors of outcome. Only gender, age >16 
-yrs at operation and abnormal pulmonary artery 
(PA) architecture did not affect outcome in a 
. univariate fashion. Multivariate analysis 
_ Showed that early calendar yr of operation, 


-o mean PA pressure >15 mm Hg, ventricular anatomy 


other than TA, AV valve dysfunction, age <4 
yS, heterotaxia, and preoperative NYHA class 
233 OF 4, Te E affect „outcome. 
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BIDIRECTIONAL CAV 
PRO FACT 
y RK , Frank M. Mic aiey E Sell 
onathan So porn ment 
of Cardiology Chiaran. S Toma ashington, D.C. 


i BCS ar now widely performed Mi parente {pts ) with 
ie repe That ear a wit grove Pot canary y 
study y wasto S vat the PARES He on Fo outen 


dat e review (SW 

11/89 ond 2/94, l st BC ctor: 
were graded, risk. ERA were: p a Ales nem ‘Woot } 
stenas Sj T ie restore (i V 


diastolic ati 


are @ 
wen, ov 


ave u . 
rA i se or d JCT S any 
4.2+0.9 1/min/ <Q, OB): RA 
aan saturation increased in was unchanged in 3. 
amiga n Bes BF OP). Atter B 9 therap ou ic 
s were omad in? pa 5 PA 
A puat ons o est inetive atrial 


dilation of ano betructed monary 
aah o Hsk Sco saaros im roves in 


shom 2 t9 pre to 0.82.7 post BCSip<0.06). cee 


BCs "pert med in high risk 
candid aa ataya aung g have alow morbidity, decrease 
ventricular volume load, and maintain systemic 
saturation. These beneficial hemod odynamio effects 
combined with surgical and cathetai treatment of PA 
stenoses ease risk factors for Fontan. It remaing to 
be seen w ather this will result in improved long-term 
function and survival for this high risk group. 
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IMPROVED SURVIVAL IN HETEROTAXY PATIENTS 
UNDERGOING MODIFIED FONTAN PROCEDURE 


: * Barbara George MD, FAAP, 
Ronald Day MD, Hillel Laks MD, Roberta Williams MD, FAAP. 
Department of Pediatrics, UCLA School of Medicine 


Mortality remains high for pediatric patients with heterotaxy 
syndrome who undergo the modified Fontan procedure. We 
undertook a retrospective analysis of 111 pediatric patients who 
underwent the Fontan procedure between 1987-1990. Sixteen 
heterotaxy patients (10 with asplenia and 6 with polysplenia) were 
identified with an overall mortality rate (early + late deaths) of 
18.8% versus 11.6% for the non-heterotaxy patients (p>0.05); a 
lower rate than previously reported. The effect of early adequate 
control of pulmonary blood flow by aorto-pulmonary shunt or 
banding (age < 6 months with a resultant MPAP < 15 mm Hg.) 
as well as anatomic risk factors are summarized below: 


FACTOR DEATHS [TOTAL p-value 
Early + adequate palliation 0/13 : 3/3 p<005 
(achieved : not achieved) , 

AV valve regurgitation oi: 3/5 p < 6.05 
{absent : present) 
Heterotaxy anatomy 0/6 : 3/10 p> 0.05 
(polysplenia : asplenia) 

Ventricular morphology V7: 259 p> 0.05 
(Single left : single right) 


We conclude that early and adequate control of pulmonary blood 

flow results in a significant reduction in the mortality rates seen 

in heterotaxy patients undergoing the modified Fontan procedure. _ 

Also, greater than mild AV valve regurgitation pre-operatively 

places these. Les ata significantly: higher risk for a poor ee 
: che gr veg toroid 
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© ENTEROPATHY OF LONG-TERM 
RS OF THE FONTAN OPERATION. Robert H. 











rter, FaaP, Jean Perrault, Francisco J. 
uga, Gordon 2. Danielson, Section of Pediatric 
Cardiology, Bayo Clinic, Rochester, MN 
otein-lwsing enteropathy (PLE) is an 
important comalication of the Fontan operation. 
This study a»sessed the incidence and clinical 
course of PLE of survivors of the Fontan 
operated from 1973 to January 1987. Of 340 
survivors, dea is available on 300 (88%). 
y-twọ pts have PLE. Another 9 pts have 
gs compatible with PLE. Including all 
ts the ireidence of PLE is 10.3% (31 of 


















AT) 22 pte with PLE have hypoproteinemia 
(range 5.9 tc 3.0, mean 4.6). Lymphocytopenia 
as present ir 12 of 15 (80%). Alpha-1- 
cantitrypsin cearances varied from 14 ml to 
-1300 mI. Hemedynamic findings in PLE pts were 
not different than in other postop Fontan pts. 
“The clinic] course is variable. Six pts 

<- Yequire periocic albumin infusions and have had 
hospitalizations for PLE. Three pts have 

~ Shown improvement. One pt had transient PLE. 

oo The-other 12 sts are stable. Length of time 
“with diagnosis of PLE is variable (1 to 12 yrs) 
as is interval between operation and diagnosis 
{6 months to I years). 

Our data suggest that at least 10% of 
Fontan pts wifl develop PLE and there is a wide 
spectrum of sawerity. All Fontan pts need 
monitoring for this complication. 
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FACTORS INFLWINCING LENGTH OF HOSPITAL STAY 
AFTER SURGER™ FOR CONGENITAL HEART DISEASE. 
David A, Danferd, FAAP*, William H. Fleming*, 
Anthony L. Moa.ton*, Lynne B. Sarafian*, Thomas 
G. Tape, Univecsity of Nebraska Medical Center, 
Omaha, NE 
A subset of patients treated surgically for 
congenital heart disease (CHD) accounts for 
major resource utilization due to long 
postoperative length of stay (LOS). To identify 
which factors predict LOS, we assembled a 
derivation commrt of 480 consecutive patients 
(age 0-30 years) surviving operation for CHD, 
We abstracted 9 factors hypothesized to predict 
LOS and develesed a rule to predict LOS>7 days 
and LOS>14 days using stepwise logistic 
regression. We validated the rule on a second 
.. et of 186 comsecutive patients. 
Median LOS =:6 days (25th-75th sile:4-9). The 
independent gredictors of LOS were age 
:(p<0.0001), ase of cardiopulmonary bypass 
(p<0.0001), complex anatomy (p=0.0005), simplest 
anatomy (p=0.3001), pulmonary hypertension 
p-0.0018), mesor defects of noncardiac systems 
p-0.0048), and preoperative condition in 
xtremis (p-(€ 001}, The model 
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CRITICAL AORTIC STENOSIS: COMPARISON OF 
BALLOON VALVOTOMY THROUGH THE RIGHT CAROTID 
ARTERY VS SURGICAL VALVOTOMY 
JA Ettedgui*, DR Fischer FAAP, MH Hoyer, RD 
Siewers, PJ delNido, WH Neches FAAP. 
Children's Hospital of Pittsburgh. E we pot 
The results of treating critical aortic 
stenosis (AS) by balloon valvetomy (BV). ` 
through a right carotid arteriotomy are ` 
compared to surgical valvotomy (SV) in 21 > 
consecutive neonates (median age 4 days, range 
1-29) seen between 1/1/83 and 12/31/90. The © 
first 13 underwent SV and the next 8 BV. The 
following parameters were compared: 



































SV BV pPoO 
Deaths 8 (62%) 1 (13%) <.05 7. 
Age (days) 6.247.8 9.8t10.3 NS ` 
Weight (kg) 3.24.56 3.44.34 NS 
Aortic Valve (mm) 6.241.5 7,341.0 “Ns 2" 
Mitral valve (mm) 9.21.1 9.141.1 [NS >: 
LVED dimension (mm) 14,441.9 16,.844.6 NS 


LV volume index (ml/m?) 17.545.0 24.0$13.4 NS > 
LVED pressure (mmHg) 17.346.3 18 849.3 NS > 








Index (1/nin/m?) 2.64.59 2.64.79 NS 
Gradient (mmHg) 73.5£18.1 68.1418. } NS o 
Follow up (FU) (years) 5.61.3 1.44.9 <.01 > 
FU gradient (mmHg) 52.6422 40.4411.5 NS 















Two patients in each group have required 
late intervention for residual stenosis 8 
months to 2 years after the initial valvotomy. 
Only 1 patient in each group has moderate AI, 
the others have only mild or trivial AI. All 
survivors of BV have a patent carotid artery 
and none have neurologic sequelae. In 
conclusion, BV through a carotid arteriotomy 
is safe and has a lower mortality than SV in 
the treatment of critical aortic stenosis, 
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TRANSCATHETER CLOSURE OF VSD IN HIGH RISK 
PEDIATRIC PATIENTS: Larry A. Latson, M.D., 
F.A.A.P.%3 John P. Cheatham, M.D., FuAALP. 3 
David A. Danford, M.D.,F.A.A.P.; Carl H, 
Gumbiner, M.D., F.A.A.P; John D. Kugler, M.D., 
F.A.A.P; Philip J. Hofschire M.D., F.A-ASP . 
University of Nebraska Medical Center and 
Childrens Memorial Hospital, Department of 
Pediatrics. 
Between 8/90 and 2/91, we placed Bard 
Clamshell Septal Umbrellas® in 10 vsSbD's in 6 
patients (pts) with complex cardiac — a 
malformations and significant risk factors: for- eS ih 
cath and surgery, including small left ventricle i 
(LV) (2), poor LV function (2), pulmonary 
hypertension (2), and saturation <75% (2). Pts 
were 17-78 {mean 42) mos old and weighed 7.1- 
16.5 (mean 11.9) kg. All cathe were performed 
under general anesthesia and transesophogeal 
echocardiography aided in identification of the 
target VSD and confirmation of proper placement 
of the device in 9/10 cathe. Devices were 
delivered through an 11 French long sheath which 
had been positioned through the VSD over a 
trans~VSD guide wire, with both ends of the 
guide wire controlled outside of the body. 
Catheters were in place for 1.6-5.2 (mean 
3.25) hrs. One pt with poor LV function 
developed seizures progressing to a flat EEG two 
days after severe instability during the cath. 
The only other complications included need for 
transfusion after two procedo aa, and . new 
ventricular arrhythmias which cleared without 
treatment within one month after two procedures. 
Three pts underwent subsequent attempted 
surgical repair of additional complex lesions 1- —. 
3 mos after placement of 1-3 devices. There was 
nearly complete 
devices wit 













































STEMIC TO PULMONARY COLLATERAL CIRCULATION IN 
Nts. WITH BRONCHOPULMONARY DYSPLASIA (BPD). 
ry . Sondheimer FAAP*, Warren H. Toews 
AAP, Reginald L. Washington FAAP, and Steven 
‘Abman. University of Colorado, Denver. 
To study the incidence and potential 
ontribution.of systemic to pulmonary collateral 
rteries. in severe BPD we reviewed the clinical 
irse.of 17 consecutive infants with BPD who 
rwent o cardiac catheterization during a three 
ar. “period. Mean age at study was 8 months 
ge 3-24). Patients were evaluated to rule 
anatomic heart disease and. evaluate the 
rity of pulmonary hypertension (PHT). 
inent systemic to pulmonary collaterals 
ré seen by angiography in all but one infant. 
ie- most common sites were from the descending 
‘ta (76%), internal mammary arteries (29%), 
-intercostal arteries (24%). Although most 
tants had small collaterals, a large artery 
> 3mm) was found in. 3 cases (18%). Each patient 
ith a large collateral had mild PHT (mean PAP 
8-43 torr) and responded to coil embolization 
ch clinical improvement in PHT, and 03, 
ilator, and diuretic use. Two infants with 
‘ge collaterals did not have retrograde flow 
continuous wave Doppler. We conclude that 
temic: to pulmonary collaterals are frequent 
n BPD. ‘and although seen with angiography they 
may not be appreciated with non-invasive 
- techniques. These can occur with mild PHT. As 
“embolization of large arteries led to clinical 
improvement in three cases, we speculate that 
< major systemic to pulmonary collateral arteries 
oS omey contribute to persistent symptoms in severe 
BPD. 















































































-o FORAMEN OVALE SIZE IN THE HUMAN FETAL 
HEART: AN INDICATOR OF TRANS-ATRIAL FLOW 
“PHYSIOLOGY. ‘Lloyd R. Feit, Joshua A. Copel, 


- Charles S. Kleinman, FAAP. Department of Pediatrics, 
Yale University School of Medicine, New Haven, CT. 


The distribution of blood flow between the right and left 
=v ventricles may be important in the morphogenesis of the 
. fetal heart and circulatory system. The size of the 
foramen ovale relative to the atrial septurn may reflect in 
utero flow patterns within the cardiac chambers. To 
re clearly define the impact of altered trans- 
nenal flow in utero, we used fetal echocardiography 
asure the sizes of the foramen ovale (FO), and 
al septum (AS) in 84 human fetuses from 18-38 
weeks gestation. Forty six had normal cardiac anatomy, 
23 had left heart obstructive lesions (LHO), 15 had right 
heart obstructive lesions (RHO). Pulsed and color flow 
‘Doppler studies were incorporated when available. We 
found that normal fetuses had a FO/AS ratio of 0.33 + 
0.04 (mean + SD). All had bidirectional, but 
‘predominantly right to left, flow through the foramen 
» ovale. Fetuses with LHO had a FO/AS ratio smaller 
_ than normal (0.274 0.05; p < 0.001). Five of seven 
: demonstrated reversal of the normal flow pattern, 
~ exhibiting unidirectional left to right trans-foramenal 
flow. Those with RHO had a larger than normal FO/AS 
- ratio, (0.47 + 0.04; p < 0.001) and had aimost exclusive 
right to left trans-foramenal flow. We conclude that 

< FO/AS ratio, and Doppler interrogation of trans-atrial 
flow are helpful adjuncts in determining the presence of 
congenital heart disease in utero. In addition, early 
jetection of abnormal FO/AS ratio may predict whether 

ft. or tight ventricular development will be. impaired 
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THE TIMING OF DUCTAL CLOSURE IN VERY. LOW: B 
WEIGHT (VLBW) PREMATURE INFANTS WITHOUT 
RESPIRATORY DISTRESS SYNDROME(RDS) A 
Mark D Reller FAAP*, Mary R Laird, Donald C` 
Buffkin, Mary J Rice, and Robert W McDonald, o 
Dept. of Pediatrics, Oregon Health Sciences 
University. -5 
VLBW infants, particularly those with. RDS, 
are well recognized to be at risk for persis- 
tent patency of the ductus arteriosus. Whi 
have previously demonstrated that function 
closure of the ductus occurs by the 4th da’ 
life in larger premature and fullterm infants 
without RDS, no information exists for the ` 
smallest VLBW infants. Accordingly, to assess 
the independent risk of lesser gestational age 
on ductal function, 24 infants 26-30 weeks ` 
gestation without RDS (mean Birth Wt=1274 +3 
gm) were sequentially studied using color flo 
Doppler techniques. Infants were evaluated = 
initially in the first 16 hours of life, and. 
then once daily until. no ductal flow was de=- 
tected. Five of the. infants (21%) had evidence 
for ductal closure. .on the Ist study (10.5 # 4.) 
hrs). Ductal closure was noted on subsequent —. 
days in 18 (752%) infants at a mean age of 32.7: 
+ 6.7 hrs, 21 (872) infants at a mean age of 
56.0 + 7.3 hrs, and all 24 (1002) infants by a`“ 
mean age of 78.7 + 4.8 hrs. No infants received 
indomethacin. While low gestational age predis~ 
poses to RDS which is associated with persis- 
tent ductal patency, we conclude from these 
data that gestational factors alone are not 
associated with altered ductal function. In the 
absence of RDS, the timing of physiologic 
ductal closure occurs normally in even the 
smallest VLBW infants. 
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BIPLANE PEDIATRIC TRANSESOPHAGEAL 


ECHOCARDIOGRAPHY IN INFANTS AND CHILDREN: 
ASSESSMENT OF CONGENITAL HEART DISEASE 


Samuel Ritter, MD, FAAP, David Sahn, MD, FAAP, 
Robert Weintraub, MD, Paulo Golebiovsk!, MD 
Mount Sinai School of Medicine, NY, NY 10029 


The use of transesophageal echocardiography 
(TEE) tn the assessment of congenital heart 
disease (CHD) has been described Including use 
of pediatric size single plane TEE probes. 
Heretofore, biplane imaging has not been feas- 
ible in small infants because of limitations of 
TEE probe size. Using a 6.8mm 42-element long- 
itudinal TEE probe in conjunction with a 26- 
element 6.8mm transverse TEE probe In 30 in- 
fants and a prototype biplane 6.8mm pediatric 
size TEE probe In an additional 23 infants and 
children ranging from one day to twelve years 
(mean 35 months) weighing 2.1-40kg (mean=11kg) 
TEE studies were performed in the operating 

room pre and post open heart surgery, cardiac 
intensive care unit postoperatively, cardiac 
catheterization laboratory, and neonatal in- 
tensive care unit. Structural CHD evaluated 
included VSD, AV septal defects, TOF, TGV, 
truncus arteriosus, pulmonary atresia, TAPVR, 
etc. 2 BAS procedures In the neonatal [CU 

were performed under TEE guidance. Additional 
information was provided in 75% of the cases. 
Specifically, RVOT anatomy and AV valve func- 
tion were better visualized. Biplane TEE > 
imaging with pediatric size probes greatly en~ | 
CHO: and ‘its repart bn 








pi R PROFILE DURING MAXIMAL TREADMILL 
EIN CHILDREN WITH VALVAR AORTIC 
STENOSIS/INSWFFICIENCY, Stephen E Cyran FAAP, 
arek Grzeszezak, Howard S Weber FAAP, Marie M 
ileason- FAAP Barry G Baylen FAAP, MS Hershey 
“Med, Ctr.,; Dept. Peds., Hershey, PA. 

~The ‘Doppler profile during graded treadmill 
sxercise(EX) in normal(N) children and those 
sith aortic walve(AV) stenosis($) or insuffici- 
ney(I) has met been reported. We evaluated 26 
hf idren with AV disease(age 10.64+4.2y,BSA 1.3+ 
).1) and 27 matched controls (age 10.81+0.6y, BSA 
/.240.1) via a Bruce protocol to exhaustion and 
similar max. predict heart rates (904+1%;9241%). 
1e aortic peak systolic velocity (VEL) and 
gradient(GRAB) were determined at each EX stage 
ST) by CW Deppler exam from the suprasternal 
iotch, Five VEL envelopes were analyzed at each 
/stage. Pts with AV disease were analyzed 
according to their dominant lesion: Bicuspid AV: 
(BA) (Crest VEE< 2.5 m/sec), AV S:obstructive(AS), 
OAV. I(AI) ,AS/E£2.VEL(m/sec) results in table (mean 
SASE) (ANOVA, por: 001, a (+) vs preceding ie 
































N 1,240.0 1. ry lt 1. a0. O 2,040.0 2. FJ 0 
BA 2,040.2 2.840.2+* 2.740.2*% 2.840.2* 3.040.2% 
AS 3.640.2 4.€40.3¢% 5.040.4¢% 5.140.4% 5,340.3 

© $E°3.340.2 4.640.24* 4.240.2* 4.340.2* 4.840. 2% 
CO AIL 2,340.1 2.840.0¢* 3.040.1% 3.140.1* 3.240.1% 


The greatest relative increase in VEL for all 
groups was from rest to ST1(AS:56%,BA:482,N:602, 
AI:65% AS/T:€°%). The EX GRAD response best fit 
a 2nd order relation(R=0.6(AS) ,0.7(BA),0.7(4N), 
0.8(AT), 0.5¢4S/1);p<0.001). This suggests that 
children have their predominant EX increase in 
aortic VEL/GEAD during early exertion. This has 
implications regarding their EX prescription. 
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STRESS ECHO/DOPPLER EXPLAINS EXERCISE INDUCED 
- “ESSENTIAL HYCERTENSION* IN CHILDREN FOLLOWING 
- REPAIR OF COARCTATION OF THE AORTA. *Stephen E 
wo Cyran FAAP, Marek Grzeszczak, Howard S Weber, 
os Marie M Gleasen FAAP, Barry G Baylen FAAP. Dept 
zi Peds, MS Hershey MedCtr, Hershey, PA. 
We performed stress echocardiography(echo) in 
14 children(P+{11.641.0yrs) who had undergone 
surgical repa.r of coarctation of the aorta and 
were free of aortic valve stenosis and de- 
scending aort.c(DA) obstruction(OB) as deter- 

- . mined by 2D-Deppler echo, They were compared to 
- 27 matched coatrols(N)(10.94+0.6yrs). All under- 
went maximal <readmill exercise(EX) (Bruce pro- 
tocol) to exhaastion and similar % max predicted 
HR (94+2vs92+.%5, PvsN) and EX duration (13.4+0.6 
vs13.4+0.6mins). DA peak systolic velocity (PSV) 
- was interrogaced via CW Doppler at rest(R),sub- 
Se tax EX(ST1,ST2.ST3), and peak EX. Five PSV were 

. evaluated for each Pt/stage. PSV results in 
` table(m/sec) “mean +SE) (p<0.001) (*vsN, tvs 
preceding EX atrage) 
“OR stl $72 ST3 
P 2.440.1% 3..40.2¢* 3.340,2% 3.540.2% 3,740. 2% 
N 1.440.212 1.%+0.14 2.10.1  2.240.1  2.240.1 
- The DA graåieat at peak EX was 55t3vs19+4immHg, 
 PysN,p<0,001. No pts had a diastolic velocity 
- (DV) or hypertension at rest. 5/14 pts developed 
DV during exezcise vs 0/27 controls (p<0.01). 
-7/14 pts deve_aped EX induced systolic hyper- 
‘tension. Syste.ic blood pressure(SBP) at peak EX 
was explained by apparent DA OB (PSV) and pt's 
‘age :SBP=7.7(age)+21.8(PSV) -7.3, p<0.0001,R7=0.90, 
-EX induced hypertension in pts without DA OB at 
rest following repair of. coarctation is due to 
ela ethos dring exercise. This may be due to 
"Fegin a at: the site of repair. 
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Carpre TOXICITY BEFORE AND Ark Bone Manuow. fe 
TRANSPLANTATION, Ranae L. Larsen.* Gerald Barber, FAAP, 
Charles T. Heise, and Charles S. August, FAAP. The Children’s 
Hospital of Philadelphia,Philadelphia, PA. o 
Cardiac toxicity may occur secondary to the anthracyclines. . 
(A) and radiation (XRT) used in preparation for bone marrow © ~ 
transplantation (BMT); its prevalence and degree are unknown. 
We hypothesized exercise testing, with measurements of O, 
consumption (YO), cardiac index (CI), and ventilatory anaerobic — 
threshold (VAT), would detect abnormalities not found at rest. 
Methods: Pts before (n=20) and at least 1 yr after BMT 
(n=31) perfomed cycle ergometry. Mean age at testing was 14.5 
yrs. Mean A dose was 135 mg/m’ in the group before and: ya 
mg/m* in the group after BMT. Pts received 300-1200 cGy of 
total body XRT before BMT. CI was determined via the acety- 
lene-helium rebreathing technique. Results were compared to 77- 
laboratory normals. Left ventricular shortening fraction. GE): 
rest was assessed via echocardiography. E 
Results: VO, and CI at rest were normal both before ii 
after BMT. SF was 0.33 +0.04 before and. 0.33 +0.03.. after. 
BMT. Exercise testing detected significant abnormalities: Soa 


utSD +SE a t8D 1. 
*S$VI = stroke volume index 

Conclusions: 1) Abnormalities of exercise cardiac 
performance are detected in most pts before and after BMT, 
even after relatively low doses of A and XRT. 2) Exercise 
testing, with assessment of VO, CI, and VAT, noninvasively 
detects cardiac dysfunction after treatment with A and XRT and 
is preferable to parameters at rest for the detection of cardiac 
toxicity in these pts. 















































































































CARDIOMYOPATHY IN GLUTARIC ACIDURIA TYPE II 
*Kenneth L. Jue, FAAP and Susan Winter, FAAP 
Valley Children's Hospital, Fresno, CA 


Glutaric aciduria type II (GA I) is an autosomal 
recessive defect of electron transport flavoprotein. 
Associated cardiomyopathy has been described in some `: 
cases. We report 5 cases (4 female, 1 male) with late 
onset GA H who presented between 10-36-months of | 
age with severe CHF and cardiomyopathy. Prominent: 
hepatomegaly (4 pts.) and decreased muscle tone and AS 
weakness (3 pts.) were present. aoe 

EKG showed LVH (3 pts.), RVH (1 pt.), and. 
decreased QRS voltage (1 pt.). Chest x-ray showed 
prominent cardiomegaly in all cases. Echocardiography 
demonstrated both dilated (4 pts.) and hypertrophic ie, 
(i pt.) forms of cardiomyopathy. Severe LV pa ape 
dysfunction was present in all cases (fractional oe a 
shortening LV 11-16%). LV diastolic dimension 
ranged from 30.4 - 65 mm. Mitral regurgitation was 
observed in all cases. 

Initial laboratory studies showed metabolic acidosis 
(4 pts.), elevated liver enzymes (3 pts.), hyper- 
ammonemia (2 pts.), low free carnitine (2 pts.) and 
increased esterfied/free carnitine ratio (3 pts.). Organic 
acids showed elevated glutaric acid (4 pts.), adipic acid 
S pe .) and ethylmalonic acid (1 pt.) compatible with _ 

In addition to digoxin, lasix, and captopril, patients 
received a low fat diet (20% of calories as fat), ribofla- 
vin (100 mg B.LD.) and L-Carnitine (200 mg/kg day). 

Of the 5 cases, 3 have improved. cardiac function 
with persistent cardiomegaly, 1 has anderen cardiac 
transplantation, and 1 has i 
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Low HDL with elevated 
LDL and triglycerides: 


A common denominator of 


many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are common 
among heart attack victims, and nearly two thirds of people who developed 
myocardial infarction in the PROCAM Trial had a low (< 35 mg/dL) baseline 
tevel of HDL cholesterol.” LOPID“ (gemfibrozil) is not indicated for the treatment 
of patients with low HDL cholesterol as their only lipid abnormality. 
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Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 


No two are exactly alike. 


others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 





Pharmaceutical 
Manufacturers 
Association 





IF A NEW MEDICINE CAN HELP 
WE'RE WORKING ON IT. 





V. 


Lotensin” benazepril hydrochloride 
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unknown}: Clinically important changes in standard laboratory tests 
were rarely associated with Lotensin administration. Elevations of liver 
enzymes, serum bilirubin, uric acid, and blood glucose have been 
reported, as have scattered incidents of hyponatremia, electrocardio- 
raphic changes, leukopenia, eosinophilia, and proteinuria. in U.S. trials, 
s than 0.5% of patients discontinued treatment because of laboratory 
abnormalities, 
OVERDOSAGE Single oral doses of 3 g/kg benazepril were associated 
with significant ping Ab mice. Rats however, tolerated single oral 
doses of up to 6 g/kg. Reduced activity was seen at 1 g/kg in mice and at 
5 g/kg in rats, Human overdoses of benazepril have not been reported, 
but the most common manifestation of human benazepril overdosage is 
sa i to be hypotension 
aboratory determinations of serum levels of benazepril and its 
metabolites are not widely available, and such determinations have, in 
any event, no established: role in the management of benazepril 
overdose 
No data are available to $ t physiol | maneuvers (€.9., 
maneuvers to Change the pH of the urine) thal might accelerate 
elimination of benazepril and its metabolites. Benazeprilat can be 
removed from the body by dialysis, but this intervention should rarely, if 
ever, be required 
Angiotensin || could presumably serve as a specific antagonist- 
antidote in the setting of benazepril overdose, but angiotensin Il is 
essentially unavailabie outside of scattered research facilities. Because 
he cy ac effect of benazepril is achieved through vasodilation and 
effective h emia, it iS reasonable to treat benazepril overdose by 
infusion of normal saline solution 
DOSAGE AND ADMINISTRATION The recommended initial dose for 
patients not receiving a diuretic is 10 mg once-a-day. The usual 
maintenance Gosage range is 20-40 mg per day administered as a single 
dose or in two equally divided doses. A dose of 80 mg gives an 
increased response, Dut experience with this dose is limited. The divided 
regimen was more effective in controlling vaun (pre-dosing) blood 
pressure than the same dose given as a once-daily regimen, Dosage 
adjustment should be based on measurement of peak (2-6 hours after 
dosing) and trough responses. If a once-daily regimen does not give 
adequate trough oy be an increase in dosage or divided 
administration should be considered. If blood pressure is not controlled 
with Lotensin alone, a diuretic can be added 
Total woe he ps above 80 mg have not been evaluated 
Concomitant administration of Lotensin with potassium 
Supplements, potassium salt substitutes, or potassium- 
Sparing diuretics can lead to increases of serum potassium 
(see PRECAUTIONS) 
In patients who are currently being treated with a diuretic, 
symptomatic hypotension occasionally can occur following the 
initial dose of Lotensin, To reduce the likelihood of hypotension, the 
diuretic should, if possible, be discontinued two to three days prior to 
beginning therapy with Lotensin (see WARNINGS). Then, if blood 
pressure is not controlled with Lotensin alone, diuretic therapy should be 
resumed 
if the diuretic cannot be discontinued, an initial dose of 5 mg 
Lotensin should be used to avoid excessive hypotension 
D Adjustment in Renal Impairment , 
For patients with a creatinine clearance <30 mL/min/1.73 m* (serum 
Creatinine >3 mg/dL), the recommeded initial dose is 5 mg Lotensin 
once daily. Dosage may be titrated cba until blood pressure is 


controlled or to a maximum total daily dose of 40 mg 
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5*10+20-40-mg tablets 


CIBA Pharmaceutical Company has taken the high 
cost of quality health care to heart and is proud to 
announce that Lotensin will be priced 10-47% less 
than Capoten”, 

Vasotec", Zestril", 

and Prinivil”.* 


Introducing 


The Lotensin 

Lifetime Guaranteet 

* A Lotensin Lifetime Fixed Pricett 

. All Lotensin Dosages Priced the Same 

. A FULL 1-Year Enrollment Period 

Ask your CIBA/Summit Sales Representative for details 
about Lotensin and the Lotensin Lifetime Guarantee. 


"Based on average wholesale price (AWP) at the time of product introduction. Price comparisons reflect 
the most common dosing schedules for each product, not simply a tablet to tablet comparison 
tCIBA Pharmaceutical Company has established the Lotensin Lifetime Guarantee for patients who are 
started on Lotensin and enroll in the program between 7/19/91 - 7/18/92 

ttAs part of the Lotensin Lifetime Guarantee, the Lotensin Lifetime Fixed Price is based on the Average 
Wholesale Price (AWP) at the time of product introduction plus a standard pharmacy markup. This price 
is guaranteed for as long as the patient is on Lotensin therapy. Patients who enroll will be rebated the 
difference between the Lifetime Fixed Price and any higher price thal can be documented as paid with an 
original receipt. Because retail prices may vary, a maximum rebate has been established. For details, call 
1-800-621-0021 
Capoten’ is a registered trademark of E.R. Squibb & Sons, inc. Vasotec’ and Prinivil” are registered 
trademarks of Merck Sharp & Dohme. Zestril is a registered trademark of Stuart Pharmaceuticals 
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~ Age-Related Normal Values of Signal-Averaged 
Electrocardiographic Variables After Acute 
_ Myocardial infarction 

Marek Malik, Olusola Odemuyiwa, Jan Poloniecki, 
Piotr Kulakowski, Thomas Farrell, Anne Staunton, 
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Use of Valsalva Maneuver to Unmask Left 
-Ventricular Diastolic Function Abnormalities by 
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Jean G. Dumesnil, Gertie Gaudreault, George N. 
-- Honos, and John G. Kingma, Jr. 
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Effects of Diltiazem on Long-Term Outcome After Acute 
Myocardial Infarction i in Patients With and wit hout a HE 
of Systemic Hypertension | og LEE 
Arthur J. Moss, David Oakes, Michael Rubison, Michael McDermott, Eric 
Carleen, Shirley Eberly, Mary Brown, and the Multicenter Diltiazem 
Postinfarction Trial Research Group | 











The effect of diltiazem on long-term outcome. in jostinifarction patients 
with and without a history of hypertension was investigated in 2,466 
patients using the Multicenter Diltiazem Postinfarction Trial database. 
Univariate and multivariate analyses revealed a meaningful reduction in 
cardiac events in patients with hypertension treated with diltiazem com- 
pared with those taking placebo, but little if any effect in patients without 
hypertension. Most patients with hypertension without pulmonary conges- 
tion during the index infarction had a reduction in cardiac events with 
diltiazem, whereas the reverse was evident in patients with pulmonary 
aaa 7 


434 
Comparison of the Predictive Characteristics of ‘Heart Rate 
Variability Index and Left Ventricular Ejection Fraction for All- 
Cause Mortality, Arrhythmic Events and Sudden Death After 
Acute Myocardial Infarction 

Olusola Odemuyiwa, Marek Malik, Tom Farrell, Yaver Bashir, Jan 
Poloniecki, and John Camm 








Heart rate (HR) variability index and left geaca ejection fraction — 
(EF) were compared for the prediction of all-cause mortality, arrhythmic Ti 
events and sudden death in 385 survivors of acute myocardial infarction. 
Compared with EF, HR variability index was a better predictor of ar- ~ 
rhythmic events and sudden death. However, the combination of HR 
_ variability and the left ventricle improved the specificity for predicting all- — 
cause mortality for values of sensitivity <60%; and the same combination 
improved the specificity for predicting arrhythmic events and sudden 
death when sensitivity lay between 25 and 75%. 










Ultrasound Imaging Systems. "he 
piece of cardiac machinery since the ¢ 
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most remarkable 
heal 


When it comes to ultrasound 
imaging, HP’s heart has always 
been in the right place. 


While several companies have 
stretched their resources to 
address other areas of diag- 
nostic ultrasound, we concen- 
trated on meeting the needs of 
the cardiologist. 


SS 2 WY Vs Ra. The result: today, we offer the 
Sg ne ieee SS a most sophisticated cardiac 
Sa ae i imaging systems in the world. 
Sn e POT ee A a aen. K ONA (OAE Since we first showed a 2-D im- 
= = = Caged Sea Sh. NLS age of the heart in 1980, we’ve 
offered over 18 advancements, 
such as Doppler, color flow 
imaging, single- and bi-plane 
transesophageal imaging, High 
Definition Color Flow, and the 
new SONOS 1500, with Acous- 
tic Quantification technology* 
the first machine that can pro- 
vide accurate, real-time quan- 


tification of cardiac function. 


Because we let you upgrade 
your existing system, instead of 
requiring you to purchase a new 
one, your investment is protected 
That’s why virtually every HP 
phased array system ever sold 
is still in use today. 


No other company can claim 
such past achievements. And 
with twelve new system capabil 
ities scheduled within the next 
twelve months, no company can 
offer such a future. 


HP Ultrasound Imaging: the 
world’s foremost example of car 
diac technology. With one singula 
exception, of course. 
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2 Age-Related Normal Values of Gina RDS 

x Electrocardiographic Variables After Acute Myocardial 
Infarction 

Marek Malik, Olusola Odemuyiwa, Jan Poloniecki, Piotr Kulakowski, 

Thomas Farrell, Anne Staunton, and A. John Camm 


. This study Er the omi of standard time domain aE ofo 
_ signal-averaged electrocardiography with age in 328 survivors of acute 
myocardial infarction and the influence of age on the prediction of postin- — 
farction arrhythmic complication (sudden death or sustained ventricular 
tachycardia, or both) based on late potential diagnosis. Statistically highly 
significant correlations (p <0.00002) between age and signal- -averaged © 5 oooi 
electrocardiographic variables were found: The total duration of signal © 000 720 
averaged QRS complexes and duration of the terminal low-amplitude. 
signals increase with increasing age, whereas the mean voltage of the 
terminal portion of the averaged complexes decreases with increasing age. 
Compared with patients aged <60 years, the late potential-based stratifi- 
cation of arrhythmic complications after myocardial infarction in patients 

aged >60 years had lower sensitivity for the same values of specificity and 
lower specificity for the same values of sensitivity. 








i cree 
Non-Q- and Q-Wave Infarction After Thrombolytic Therapy 
with Intravenous Streptokinase for Chest Pain and Anterior 
ST-Segment Elevation 

Lalit Chouhan, Hajar A. Hajar, Thomas George, and 

Juan Carlos Pomposiello 


Seventy-five consecutive patients with chest pain and anterior ST-segment 
elevation seen within 6 hours of onset of symptoms were treated with 
intravenous streptokinase. None of the patients had a Q wave on the 
admission electrocardiogram. After treatment, 43% of the patients had a 
non-Q-wave type of infarction, whereas 57% developed a Q-wave infarc- CE Ee ae 
tion. At cardiac catheterization performed during hospital stay at compa- ee 
rable intervals after admission, there were no differences between the Q- = y 
wave and the non-Q-wave groups with regard to patency of the infarct- 
related artery or the extent of coronary artery disease. However, those 
with a non-Q-wave type of infarction had better preserved left ventricular 
function evaluated at catheterization. It is concluded that thrombolytic 
= therapy when given for chest pain and anterior ST-segment elevation may 
* be preventing development of a Q-wave infarction in a significant number 
of patients, and the patency rates seen in both the non-Q-wave and the Q- 
wave infarct groups is high with better preserved left ventricular function 
in the non-Q-wave group. He a 
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Effects of Urokinase and Heparin on Minimal Cross-Sec tional a 
“Area of the Culprit Narrowing in Unstable Angina Pectoris 


Mara Sansa, Carmelo CORIO Andrea cones and Ignazio Simonetti aa 




















maset than with t heparin. 


_ Twenty-Four-Hour Activity of Felodipine Ex ender 


Costantino Giusti. 


and 10-mg once-daily doses of the extended release formulation of felodi- 
-pine were administered for 7 days in a placebo-controlled crossover study. 


„effective. We conclude that a once-daily administration of felodipine 


3 Ridogrel in the Setting of Percutaneous Transluminal € Coronary 


Ridogrél was administered to 32 patients undereéing: coronary angio- : | 
plasty. The drug effectively eliminated thromboxane B3 i 


-bination with heparin appears to be reasonably safe. Further investigation E 
_ of the effectiveness of ridogrel in preventing early acute reocclusion and 











randomized to: urokinase (1,000, 000 U intravenous bol o followed: b 
heparin 3 hours later (group I); heparin (10,000 U) followed by continu- 
ous infusion (group H); conventional therapy (group III). Angiograph f 
was repeated at | hour and 8 days. In group I, the culprit narrowing was _ 
0.84 + 0.48 mm? at baseline, 0.94 + 0.49 mm? at 1 hour (p <0.05) and 
1.00 + 0.51 mm? at 8 days (p <0.01 vs baseline). In group H, the culprit 





narrowing was 0.64 + 0.39 mm? at baseline, 0.67 + 0.37 mm? at | hour. : 






Lae = not cinoma and 0. a + 0.48 mm? oo <0. 01 aetna beline), In 7 
























Chronic Stable Angina Pectoris Poe oa 
Gino Santoro, ‘Stefano Savonitto, Vito Di Bello, Daniele Alberti, and 


The antiischemic acuity and duration of action of the akciu antagonist pa 
felodipine was investigated in 15 patients with chronic stable angina, Five- 


Exercise tests were repeated 4 and 24 hours after last drug administration. 
Both doses increased mean time to | mm of ST depression and rate- 
pressure product at 24 hours, when 11 patients with 10 mg and 5 patients 
with 5 mg had an increase in time to 1-mm ST depression 215% com- 
pared with exercise time during the placebo test. At 4 hours, the 2 felodi- 
pine doses had similar efficacy, while at 24 hours the 10-mg dose was more 


extended release provides antiischemic activity for 24 hours in stable 
exercise-induced angina. Because no differences in tolerability were ob- 
served between the 5- and 10-mg doses, and the 10-mg dose was more 
effective 24 hours after dosing, the latter is preferred for once-daily treat- 
ment. 
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Angioplasty 
Carl Timmermans, Matty Vrolix, Johan Vanhaeeke, Francis Stammen, 
Jan Plessens, Els Vercammen, and Hilaire De Geest | | 







with a concomitant increase in serum 6-keto-prostaglandin 


subacute restenosis after coronary angioplasty is warranted. 







-After Dissection from Coronary Angioplasty _ 








Sez api Ch Classification to ra : 





Michael S. Huber, Jodi Fishman Mooney, James Madison, and 











Michael R. Mooney 


Procedure-related dissections during percutaneous transluminal coronary 
angiography were classified according to a preexisting National. Heart, 
Lung, and Blood Institute schema; the different classes were then correlat- 
ed with outcome, Five hundred and forty-three patients with type B 
dissections had high success rates (93.7%) similar to those in patients 
without dissection. Overall complications in this group were low and 


compared favorably with procedures not associated with dissections. One _ 


hundred forty-eight patients with type C to F dissections had significantly 
increased (p <0.0005) acute complications and lower overall success rates 
(37.8%). Classifying morphology by this schema can help direct effective 
therapy after dissection. 


472 
Noninvasive Identification of Significant Narrowhig of the Left 
Main Coronary Artery by Dipyridamole Thallium Scintigraphy 
Taishiro Chikamori, Yoshinori L. Doi, Yoshihiro Yonezawa, Mitsutoshi 
Yamada, Hiromi Seo, and Toshio Ozawa 





To evaluate the usefulness of dipyridamole thallium scintigraphy with — 
low-level exercise for the identification of left main (LM) coronary artery 
disease (CAD), 466 consecutive patients with CAD in whom 38 had 
LMCAD were studied. The LM scintigraphic pattern had a sensitivity of 
67% and a specificity of 91% for LMCAD without right CAD versus 
CAD without LMCAD, and sensitivity of 10% and specificity of 91% for 
LM and right CAD versus CAD without LMCAD. The combination of 
clinical markers of ischemia during dipyridamole loading and scintigraph-. 
ic findings of severe CAD best identified patients with LM and right CAD. 


(sensitivity 72%, specificity 80%). These results indicate that the LM oe z 
scintigraphic pattern is specific and sensitive for LMCAD without right 


CAD. In LM and right CAD, the predictability of this finding is low, but 
the addition of clinical markers of ischemia during dipyridamole loading 
facilitates better identification. 
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Evaluation of Dipyridamole-Doppler Echocardiography f for 
Detection of Myocardial Ischemia and Coronary Artery 
Disease 

Peter Mazeika, Petros Nihoyannopoulos, Jayshree Joshi, and. 

Celia M. Oakley 





Thirty-four patients were studied using pulsed Doppler intetrogation of 
left ventricular filling and ejection during dipyridamole stress. Twelve 
patients had normal coronary arteries (group 1), and the remaining pa- 


tients with significant coronary artery disease (CAD) were divided into E a. a 


groups 2 (n = 11) and 3 (n = 
| oor sical: red in nbn 2 patients Changes in peak early fili 




















id ose wiih CAD and between groups 2 and 3 ad no 
-differences in the effects on any variable. Dipyridamole-Dopp- 
ler echocardiography is insensitive for detection of CAD and appears | 
unable to identify myocardial ischemia unless this is severe. Hemodynam- 
ic changes and compensatory wall motion induced by dipyridamole may 
capiani these Handing. 








































Pronounced Reduction of Aortic Flow \ elocity and. aoe 
Acceleration During Heavy Isometric Exercise in ' oronary 
Artery Disease | | 2 ae 
Enrique Z. Fisman, Efraim Ben-Ari, Amos Pines, Yaacov Drory, Robert i 
Shiner, Michael Motro, and Jan J. Kellermann Sai 








Doppler-derived parameters of dorik Howa were Gkatnined diting ER 
isometric exercise in 48 documented men with coronary artery disease — 
(CAD) and 48 gender- and age-matched healthy control subjects. A 
significant decrease was documented in peak flow velocity, flow velocity 
integral, mean acceleration, and stroke volume and cardiac indexes: accel- 
eration time increased. In most of the indexes, the directional changes 
were similar for both groups, but the differences compared with the rest 
values were greater in the group with CAD, and especially in the patients 
presenting with 3-vessel disease. In conclusion, isometric exercise results 

in marked changes in aortic flow patterns both in normal subjects and in 
patients with CAD. Exercise-induced changes in peak flow velocity and 
mean acceleration were found to differ significantly between the groups, 
and the degree of reduction in their values directly related to the extent of 
CAD. | 


492 
Usefulness of Excitable Gap and Pattern of Resetting i in Atrial 
Flutter for Determining Reentry Circuit Location —__ 

Paolo Della Bella, Giancarlo Marenzi, Claudio Tondo, Daniela Cardinale, 
Francesco Giraldi, Gianfranco Lauri, and Maurizio Guazzi 





The purpose of this study was to localize sites: auitable: for. temporary or 
permanent interruption of the reentry circuit in atrial flutter. The width of 
the excitable gap, the poststimulation cycle and the pattern of reset aftera — 
premature stimulus were analyzed in 18 patients during type I atrial o 
flutter at multiple atrial sites. The excitable gap was shorter rat the coro- 
nary sinus (33 + 8 ms) and high right atrium (30 + 10 ms) than at the 
posterior (43 + 9 ms) and septal right atrium (45 + 11 ms). The post- 
stimulation cycle was shorter at the posterior (6 + 7 ms) and septal right 
atrium (5 +7 ms) than at the coronary sinus (35 +9. ms) and high 
(23 + 10 ms) and low right atrium (15 + 9 ms). A flat pattern of resetting 
occurred more frequently at the septal (18 of 18 patients) and posterior — 
right atrium (15 of 18) than at the low (8 of 18) and. high right atrium (2 of — 

17), and was never observed at the coronary sinus. The relation between 
-shortest pc poststimulation cycle, flat pattern of resetting and widest excit- x E 
ble, gaps was consistently observed at ithe septal and Posterior right atrium. adh 













lutter was successfully termineid by overd: 

atients and termination was more easily obtained from the sep = 

` -= posterior right atrium. The described criteria might be useful to improve _ 
efficacy in the electric termination of atrial flutter and for ablative 
therapy. 











































498. 
7 Effects of Exercise. on Heart Rate, aT, ‘QTc end QT/QS2 i in the 
- Romano-Ward Inherited Long QT Syndrome 
G. Michael Vincent, Deepak Jaiswal, and Katherine W. Timothy 





Exercise was. performed. in 27 ibd with Romano-Ward long QT 
interval and 27 normal controls to evaluate sympathetic control of heart 
rate and QT cycle length relationships, and to evaluate the diagnostic 
usefulness of measurements during exercise. Heart rate was lower in 
‘subjects with Romano-Ward syndrome during moderate and maximal coe 
exercise (151.6 vs 169.6 beats/min, p = 0.4; 155.7 vs 185.1 beats/min, | = 
p = 0.001, respectively). The QT of subjects with Romano-Ward syn- 
drome failed to shorten normally, and QTc increased; however, it de- 
creased in normals. Resting QT/QS2 ratio in patients with Romano- © 
Ward syndrome was higher (1.12) than in normals (0.92), p = 0.001. 
During exercise, QT /QS2 in Romano-Ward subjects increased by 30% 
(1.12 to 1.45) compared with 15% in normals (0.92 to 1.07). Romano- 
Ward subjects have an abnormal heart rate and QT response to exercise. 
The QT/QS2 at rest and the QT /QS2 and QT response to exercise may 
have diagnostic utility. 





504 
improved Specificity of Myocardial Thallium-201 Single- 
Photon Emission Computed Tomography in Patients with Left 
Bundle Branch Block by Dipyridamole 

Robert J. Burns, Luke Galligan, Linda M. Wright, Samih Lawand, 

Ronald J. Burke, and Peter J. Gladstone 





Sixteen patients with left bundle branch block underwent exercise and 
dipyridamole thallium-201 single-photon emission computed tomography 
and coronary angiography within 3 months. Sensitivity for detection of left 
anterior descending coronary artery disease was 0.83 for exercise and 1.00 
for dipyridamole. Specificity was 0.30 (visual) or 0.20 (quantitative analy- 
sis) for exercise and 0.80 (visual) or 0.90 (quantitative) for dipyridamole 
(p <0.05). Dipyridamole combined with quantitative analysis also im- 
proved specificity for detecting coronary artery disease overall (p <0.01). 
These results support use of pharmacologic vasodilation rather than exer- 
cise for diagnosis of coronary artery disease by myocardial perfusion 
scintigraphy i in patients with left bundle branch block. 
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Hemodynamic Effects of Celiprolol in Essential Hypertension 
Edward D. Frohlich, Reinhard Ketethut, Ulrich R. Kaesser, Christoph J. 





Losem, and Franz H. Messerli 


























Hemodynamic and humoral effects of the new 8- antagonist, 8. agonist, 
celiprolol, were compared with those of atenolol in 12 patients with essen. _ 
tial hypertension. Unlike early 8 blockers, celiprolol (intravenously) im- `; 
mediately produced a dose-dependent decrease in arterial pressure and 
total peripheral resistance without reducing heart rate or ca diac output. | 
These effects persisted with short-term treatment; unlike atenolol, this was- 
associated with a reduced total peripheral resistance. Splanchnic and 
forearm vascular resistances were reduced with celiprolol, and neither = 
agent altered renal blood flow. These effects may be explained by the : 
different pharmacologic actions of celiprolol. == 00000 
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Use of Valsalva Maneuver to Unmask Left Ventricular 
Diastolic Function Abnormalities by Doppler Echocardiography 
in Patients with Coronary Artery Disease or Systemic 
Hypertension | 

Jean G. Dumesnil, Gertie Gaudreault, George N. Honos, and 

John G. Kingma, Jr. 


The effect of the Valsalva maneuver on Doppler transmitral flow velocity 
profile was evaluated in 28 patients without heart disease and 94 patients 
with evidence of ischemic heart disease or hypertension. E/A ratio did not 
change significantly during Valsalva and remained > 1.0 in all patients but 
| without disease, whereas it was >1.0 at rest and became <1.0 during 
Valsalva in 33 patients with disease. Prevalence, specificity and positive 
predictive value of E/A <1.0 in patients with disease were 31, 100 and 
100% at rest and 66, 96 and 98% during Valsalva. The ability to correctly 
classify patients with and without disease on the basis of E/A <0.1 was 
47% at rest and 73% during Valsalva. This study shows that the Valsalva 
maneuver is an easy means of acutely reducing left atrial pressures during 
Doppler echocardiography and of unmasking otherwise unsuspected dia- 


stolic function abnormalities. 
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of PEHEE infarction (AMI) i 


arteries, the reduction of infarct size, the im- 
provement of ventricular function following 
AMI, and the reduction of mortality associated 
with AMI Treatment should be initiated as soon 
as possible after the onset of AMI symptoms 
{see CLINICAL PHARMACOLOGY). 
ss CONTRAINDICATIONS: Because thrombolytic ther- 
; l apy increases the risk of bleeding, EMINASE® 
aay cotttraindicated i in the following Situations: 8 active intemal bleeding ®@ history of cerebrovascular accident # 
“tecent-{within 2 months) intracranial or intraspinal surgery or trauma {ses WARNINGS} œ intracranial neoplasm, 
a afteridvenous. malformation, or aneurysm #@ known bleeding diathesis @ severe, uncontrolled hypertension. EMINASE* 
Should not be administered fo patients having experienced severe allergic reactions to either this product or Streptokinase. 
WARNINGS: Biveding: (See ADVERSE REACTIONS) The most common complication associated with EMINASE* therapy is 
oo cee „bleeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad categories: 
os. {intemal bleeding involving the gastrointestinal tract, tract, retroperitoneal, ocular, or intracranial sites, 
= C. 2 Superficial or surface bleeding, observed mainly at invaded of disturbed sites (¢.9., venous cutdowns, arterial 
<o. punctures, sites of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to 
a the bleeding. Some of the hemorrhagic episodes occurred one of more days after the effects of EMINASE® had 
__ dissipated, but while heparin therapy was continuing. As fibrin is lysed during EMINASE* therapy, bleeding from 
recent puncture sites may occur. Therefore, thrombolytic therapy requires careful attention to all potential bleeding 
sites {including catheter insertion sites, arterial and venous puncture sites, cutdown sites, and needle puncture sites), 
intramuscular injections and nonessential handling of the patient should be avoided during treatment with 
EMINASE™ Venipunctures should be performed carefully and only as required. Should an arterial puncture be 
sary following administration of EMINASE® it is preferable to use an upper-extremity vessel that is accessible 
tö manual compression. A pressure dressing should be applied, and the puncture site should be checked frequently 
for evidence of bleeding. Each patient being considered for therapy. with EMINASE* should be carefully evaluated 
“and anticipated benefits should be weighed against potential risks associated with therapy. In the following condi- 
tions; the risks of EMINASE® therapy may be increased and should be weighed against the anticipated benefits: 
w @ recent (within 10 days) major- surgery (e.g, coronary artery bypass graft, obstetrical delivery, organ biopsy, 
eae previous puncture of non-compressible vessels) @ cerebrovascular. disease # recent gastrointestinal or gemito- 
ie ‘afinary bleeding (within 16 days} © recent trauma (within 10 days) including cardiopulmonary resuscitation # hyper- 
-| tension: systotic.BP >180 mmHg and/or diastolic BP > 110 mmHg w high likelihood of left heart thrombus ieg. mitral 
___ Stenosis with atrial fibrillation) @ subacute bacterial endocarditis w acute pericarditis hemostatic defects including 
“those secondaty tò severe hepatic or renal disease ® pregnancy $ age >75 years (Use of EMINASE® in patients 
“os aver 75-years old has not been adequately studied.) = diabetic hemorrhagic retinopathy or other hemorrhagic 
ophthalmic. conditions @ septic thrombophlebitis or occluded AV cannula at seriously infected site = patients 
currently receiving oral anticoagulants {e.g., warfarin sodium) % any other condition in which bieeding constitutes 
a significant hazard-or would be particularly difficult to manage because of its location. 


-S arty tiemiag: ‘Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhythmias 

occ. e{Sueheas sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular 

oo.) tachycardia) are not different from those often seen in the ordinary course of acute myocardial infarction and may 

-> pe managed with standard antiarrhythmic measures. it is recommended that antiarrhythmic therapy tor bradycardia 
andor ventricular irritability be available when injections of EMINASE* are administered. 


“so Hypotension: Hypotension, sometimes severe, not secondary to bleeding or anaphylaxis, has occasionally been 
corie observed ‘soon after intravenous EMINASE* administration. Patients should be monitored closely and, should 
` symptomatic of alarming hypotension occur, appropriate symptomatic treatment should be administered. 


PRECAUTIONS: General: Standard management of myocardial infarction should be implemented concomitantly with 

» EMINASE* treatment. invasive procedures should be minimized (see WARNINGS). Anaphylactoid reactions have rarely 

oo  Speerereported in patients who received EMINASE*. Accordingly, adequate treatment provisions such as epinephrine 
= should be available for immediate use. 


esdeinistration; Because of the increased likelihood of resistance due to antistreptokinase antibody, EMINASE* may 
“nok be as effective if administered more than 5 days after prior EMINASE* or Streptokinase therapy or streptococcal 
“infection, particularly between:5 days and 6 months. Increased antistreptokinase antibody levels between § days 
o>” and. 6 months after. EMINASE* or Streptokinase administration may also increase the risk of allergic reactions. 
<: Repeated administration of EMINASE* within one week of the initial dose has occurred ina smali number of patients 
«treated for AML and: non-AMI conditions, The incidence of hematornas/bruising was. somewhat greater in those 
“patients who received repeat doses of EMINASE* but otherwise the adverse event profile was similar to those who 
‘received one dose: 


Laboratory Tests: intravenous administration of EMINASE® will cause marked decreases in plasminogen and fibrinogen 
and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). 
Results of coagulation tests and/or. measures of fibrinolytic activity performed during EMINASE* therapy may be 
unreliable uniess specific precautions are taken to prevent.in viro artifacts. EMINASE* when present in blood in 
pharmacologic concentrations, remains active under in vitro conditions. This can lead te degradation of fibrinogen 
in blood samples removed tor analysis. Collection of biood samples in the presence of aprotinin (2000 to 3600 
IU/ml} can, to some extent, mitigate this phenomenon, 


Drug Interactions: The interaction of EMINASE* with other cardioactive drugs has not been studied. In addition to 
bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as.aspirin and 
dipyridamole} may increase the risk of bleeding it administered prior to EMINASE* therapy. 
. Use of Anticsagalants:; EMINASE* alone or in combination with antiplatelet agents and anticoagulants may cause 
. » ‘bleeding complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical 
Studies, a majority of patients treated received anticoagulant therapy postdosing with EMINASE* during their hospital 
stay and a minority received heparin pretreatment with EMINASE® The use of antiplatelet agents increased the inci- 
_ -dence of bleeding events similarly in patients treated with EMINASE* or nonthrombolytic therapy. There was no 
evidence of a Synergistic effect of combined EMINASE* and antiplatelet agents on bleeding events. In addition, 
there was no difference in the incidence of -hemorrhagic CVA's in EMINASE* treated patients who did or did not 
receive aspirin, 





























Carcinogenesis. tat Fett: ‘Long-term studies in animals have not been performed to evaluate 
the carcinogenic potential or the elfect on fertility, Studies to determine mutagenicity and chromosomal aberration 
assays in furan a were e negative at all ‘concentrations tested. 
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SmithKline Beecham Pharmaceuticals. 

2. Machecourt J, Cassagnes J, Bassand JP, et al. Results of a randomized trial comparing 
APSAC and riPA for the preservation of left ventricular function after acute myocardial 
infarction. J Am Coll Cardiol. 1990;15:64A, 
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for the lysis of thrombi obstructing corona eee tering Her tis not known whether EMINASE® leant i mik 


: EMINASE* 
Type of Bleeding Zi - (=50) 
Puncture site 4.6% 
Nonpuncture site hematoma — ` À 2.8% 
Hematuria/Genitourinary l 2.4% 
Hemoptysis. 2.2% 
Gastrointestinal hemorrhage ; 2.0% 
intracranial l 1.0% 
Gum/Mouth Hemorrhage 1.0% 
Epistaxis <1% 
Anemia <13 
Eye Hemorrhage a < 
Hemorrhage (unspecified) e ; <4% 





USJ-4231.06 



































in human milk, the physician should decide whether the patient should discontin 
Pediatric Use: Safety and effectiveness of EMINASE* in children have not been estat 


ADVERSE REACTIONS: Bleeding: The incidence of bleeding. (major or minor) varied wi 
depend on the use of arterial catheterization and. other invasive procedures, pai 
therapy. The overall incidence of bleeding in patients treated with EMINASE* in clinical 
with nonpuncture-site bleeding occurring in 10.2%, and puncture-site bleeding occur 
Bleeding at the puncture site occurred more frequently in clinical trials in which the 
coronary catheterization (13.3%, 2-637) compared with those who did not (3.096, 
presumed intracranial bleeding within 7 days postdosing with EMINASE® was 0.5: 
confirmed hemorrhagic; 0.23% etiology not confirmed) compared to 0.16% (n=1249) after i oF 
in the AIMS trial the overall incidence of bleeding in patients treated with EMINASE* was: 

3.8% for placebo. inact ea Seat ts: 


in this study there was no difference between EMINASE* and placebo in the incidence of rajor bleeding 
Should serious bleeding (not controlled by local pressure} occur in a critical location (intracranial ji 
retroperitoneal, pericardial}, any concomitant heparin should be terminated immediately and the 
protamine to reverse heparinization should be considered. if necessary, the bleeding tendency can 


bleeding occurs, focal measures should be taken to control the bleeding {tee WARNINGS}. 


Cardiovascular: The most frequently reported adverse experiences in EMINASE® clinical trials 4n= G27 
atrhythmia‘conduction disorders which were reported in 38% of patients treated with EMINASE* and 
nonthrombolytic contra! patients. Hypotension occurred in 10,4% of patients treated with EMINASE* com 
7.9% for patients who received nonthrombolytic treatment (see WARNINGS}. 


Altergic-typs Reactions: Anaphylactic and anaphylactoid reactions have been observed rarely. (0.25). in’ patients 
treated with EMINASE* and are similar in incidence to Streptokinase (0.1% anaphylactic shock in ‘one study 
These included symptoms such as bronchospasm or angioedema: Other milder or delayed effects such 
itching, flushing, rashes, and eosinophilia have been occasionally observed, A delayed pufpuric rash. app £ 
one to two weeks after treatment has been reported in 0.3% of patients. The rash may alse be associated 
arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria, This syad i ? 

self-limiting and without long-term sequelae. gee 


Risk af Viral Transmission: Six batches of EMINASE® (five different batches of Lys-Plasmninogen} were used i in clinica) 
trials designed specifically to monitor possibie hepatitis non-A, non-B transmission. No case of hepatitis was 
diagnosed in patients receiving EMINASE®. Lys-Plasminogen is derived from human plasma obtained from FDA 
approved sources and tested for absence of viral contamination, including human immunodeficiency virus type-4 
(HIV-1) and hepatitis B surface antigen. The manufacturing process includes a vapor-heat treatment step for inact: 
vation of viruses. The entire manufacturing process, has also been validated to yield a cumulative seduction af 
>107 fold HIV-1 infectious particles, i, 210° infectious particies removed by vapor-heat treatment and a cumu 
lative total of 1210" infectious particles removed by the various steps in the purification process. 


Causal Helationshin Unknewn: Since the following experiences may also be associated with AMI or other therapy, the 
causal relationship te EMINASE® administration is unknown, The following adverse experiences were infrequently 
(<108%) reported in clinical trials: Body as 2 Whele~chills, fever, headache, shock: Cerdievascular—-cardiac rupture 
chest pain, emboli; Dermatelagy—purpura, sweating: Gastrointestins!—nausea and/or vomiting, Hemie and Lymphatic 
thrombocytopenia; Metabelic sed. Motritions!—-elevated transaminase levels; Musculeskeletal—arthralgia: Merai 
agitation, dizziness, paresthesia, tremor, vertigo. Respirstery--dyspnea, lung edema. 
DOSAGE AND ADMINISTRATION: Adminicer EMINASE® As soon as pòssibin alter the onset of symptoms. The recommended 
dose is 30 units of EMINASE® administered only by intravenous injection over 2 to 5 minutes into an intraven 
line or vein. 


Reconstitution: 1. Slowly add 5 mi-of Sterile Water for injection, US.P, by directing the stream of fluid against the 
side of the vial. 2. Gently roll the vial, mixing the dry. powder and fluid, Be not shake. Try to minimize foaming: 3 
reconstituted preparation is a colorless to pale yellow transparent solution. Before administration, the product shout 
be visually inspected for particulate matter and discoloration. 4. Withdraw the entire contents of the vial: 5. The 
reconstituted. solution should not be further diluted before administration or added to any infusion fluids. No 
medications should be added to the vial or syringe containing EMINASE® 6. if EMINASE® is not administered: 
30 minutes of reconstitution, it should be discarded, 
HOW SUPPLIED: EMINASE® is supplied as a sterile, lyophilized powder in 30-unit vials. NDC 57294-030-20: - 
Storage: Store lyophilized EMINASE® between 2-8°C {36-46°F). Do not use beyond the expiration date printed 
on nme vial. % 


3. Bassand JP, Cassagnes J, Machecourt J, et al. A multicenter trial of intravenous APSAC 
versus riPA in acute myocardial infarction: assessment of efficacy and safety. J Am 
Cardiol. 1990;15:21 4A. 
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Effects of Diltiazem on Long-Term Outcon e : 
After Acute Myocardial Infarction in Patients | 
With and Without a History of 
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Arthur J. Moss, MD, David Oakes, PhD, Michael Rubison, PhD, Michael McDermott, PhD, 


Eric Carleen, MA, Shirley Eberly, MS, Mary Brown, MS, and the Multicenter Diltiazem - 
k Postinfarction Trial Research Group* 



















The effect of diltiazem on long-term outcome in 
patients with acute myocardial infarction with 
and without a history of systemic hypertension 
was investigated in 2,466 patients using the 
Multicenter Diltiazem Postinfarction Trial data- 
base. The baseline variables were comparabie in 
the diltiazem and placebo-treated patients within 
<1. the groups with and without hypertension. The 
+ initial 60-mg dose of diltiazem was associated 
with a significant (p <0.001) but modest (3%) 
reduction in blood pressure and heart rate in 
both groups with and without hypertension. Uni- 
variate and multivariate analyses revealed a 
“meaningful overall reduction in first recurrent 
cardiac events (cardiac death or nonfatal rein- 
tarction, whichever occurred first) and cardiac 
death in patients with hypertension treated with 
diltiazem compared with results in those treated 
: _with placebo. Similar effects were not observed 
patients without a history of hypertension. 
When first recurrent cardiac events were used as 
fe and pole, the diltiazem:placebo hazard ratio 
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(95% confidence limits) was 0.77 (0.58, 1.01) 
for the total hypertension group, and 0.67 (0.47, 
0.96) and 1.32 (0.83, 2.10) for patients with w 
tion during the acute infarction, respectively. 
Similar results were observed using cardiac 
death as the end point. Beta blockers had a neg- 
ligible effect on the hypertension-diltiazem rela- 
tion. These findings suggest that diltiazem may _ 
exert a long-term beneficial effect in most pa- — 
tients with hypertension who do not have pulmo- _ 
nary congestion during an acute infarction, anda 
detrimental effect in the minority who have pul- — 2 
monary congestion. ; 

(Am J Cardiol 1991;68:429-433) | 


azem Postinfarction Trial (MDPIT) have re- 

cently been reported.! Treatment with diltiazem 
exerted no significant overall effect on mortality or first 
recurrent cardiac events (cardiac death or nonfatal 
reinfarction, whichever occurred first) during: long-term. 
follow-up. The neutral overall effect concealed a signifi- 
cant bidirectional interaction between diltiazem and the 
presence or absence of roentgenographic evidence of 
pulmonary congestion.! There was a diltiazem-related . 
reduction in the cardiac event rate in most patients 
without evidence of left ventricular dysfunction and an: 
increase in the rate of such events in the minority. of 
patients with left ventricular dysfunction. a 
= Systemic hypertension is due in large part 1 
creased arteriolar tone, and diltiazem as well 


T he primary findings from the Multicenter Dilti- 


eral other calcium antagonists, which -indu 
temic arterial vasodilation, a a 


are o effective 








able tot asl seo that an ance like 8 
ocker: thay be particularly efficacious in this group 





| he MDP-T database to examine the effects of dil- 
vem on long-term outcome in patients with and with- 
history æ hypertension preceding their myocardi- 
infarction. 4. secondary purpose was to examine the 
sistency of ‘he bidirectional interaction between dil- 
azem and kft ventricular dysfunction across sub- 
TO ups with ard without hypertension. 









METHODS 
-0 Populations The design, organization, patient re- 
cruitment, daza acquisition, clinical follow-up and data 
management aspects of MDPIT have previously been 
- geported.! The reported analyses utilize the analytic 
database released April 1, 1988. 
-> The total MDPIT population includes 2,466 pa- 
tients, 25 to 75 years of age, randomized to placebo 
(n= 1,234) œ diltiazem (n = 1,232) therapy after a 
documented acute myocardial infarction and followed 
for 12 to 52 months; the average duration of follow-up 
- was 25 montks. The standard dose of diltiazem was 60 
mg 4 times Caily, but the physician-investigator could 
= reduce the dase as deemed necessary. At 2 years of 
follow-up, 6¥o of both the placebo- and diltiazem- 
_ treated patierts were taking trial medication. 
Definition ef hypertension: Patients were identified 
as having a history of hypertension if specific antihyper- 
tensive thera” had been prescribed by a physician at 
any time befcre the index acute myocardial infarction. 
This definitiow was specified in a manual of operations 
written before initiation of MDPIT. Blood pressure at 
the time of ewollment was not used as a criterion for 
hypertension. In all, 942 patients met the aforemen- 
tioned definitson of hypertension, 38% of the total 
MDPIT popse.ation, and 1,524 patients were catego- 
rized as not having a history of hypertension. 
Variables: Routine clinical variables obtained at 
baseline were defined in the primary manuscript. Pul- 
_ monary congestion on chest roentgenogram during the 
index infarction was classified as a 2-level variable (no 
congestion vs-any congestion). Beta blocker use (yes, 
0) determined at the time of randomization, and 
tage of patients taking 8 blockers at 1-year 
~~ was similar to that found at rangom 











tees according to written criteria without knowledge o 
the patient’s assigned trial medication. __ L 
Statistical considerations: Life-table methods (Kap 
lan-Meier) were utilized to account for variations in fol- 
low-up duration.® Treatment effects were assessed sepa- 
rately for cardiac death and first recurrent cardiac 
event end points by the calculations of hazard ratios _ 
(diltiazem:placebo) from the Cox proportional-hazards _ 
regression model.’ A lower event rate in patients taking 
diltiazem than in patients taking placebo would lead to 
a hazard ratio less than unity, and vice-versa. The sta- | 
tistical significance of a particular comparison can be 
gauged from the corresponding confidence interval; _ 
event rates between the diltiazem and placebo groups 
differ significantly at the p <0.05 level (2-sided) if the ~ 
confidence interval for the corresponding hazard ratio ~ 
does not include the value of unity. Analyses were per- 
formed using the program BMDP2L,? with 38 enroll- 
ing hospitals entered as stratification factors, and the 3 
design variables (use of 8 blockers at randomization, 
randomization within 5 days of the index infarction, 
and New York Heart Association functional class I vs 
II to IV) were entered as binary covariates. Analyses 
were performed separately to evaluate: (1) the 2-fac- 
tor treatment-hypertension interaction; (2) the 3-factor 
treatment-hypertension-pulmonary congestion interac- 
tion; and (3) the 3-factor treatment-hypertension-@ 
blocker interaction. 













RESULTS 

Comparability of treatment groups: The baseline 
characteristics of patients with and without a history of 
hypertension subdivided by placebo and diltiazem treat- 
ment are presented in Table I. The baseline variables 
were comparable in the 2 treatment subsets within 
groups with and without hypertension. There was no 
major imbalance between the treatment subsets of any 
variable reflecting the severity of the myocardial dis- 
ease. 

Initial hemodynamic response to diltiazem: The 
blood pressure and heart rate were measured before 
and 2 hours after the initial oral dose of trial medica- __ 
tion (placebo, diltiazem 60 mg) (Table II). The base- 
line (before) blood pressure and heart rate parameters 
were within normal limits in those with and without a 
history of hypertension, but the levels of these parame- 
ters were significantly higher in those with than withou 
a oe of hereon With diltiazem, systolic bloai 





















Baseline Characteristics of the Population 









No Hypertension 





Hypertension 










































eo. ae Placebo Diltiazem Diltiag 
“Characteristics (n = 762) (n = 760) (n = 471) (n= 4) 
_ Mean age (years) §7 + 10 57 + 10 60+9 60 + 
© <60 -405 (53) 418 (55) -201 (43) 198 { 
60-69 » 272 (36) 256 (34) ss (s  202 (43) 201 
aw 7075 85 (11) B6EQ1) o -68 (14) ie 724 
o Men 643 (84) 639 (84) a OD 354 (75 
n Cardiac history. | ase we | ea 
Previous myocardial infarction 135 (18) 169 (22) : 122 (26) 7 98:(21). 
-NYHA I-IV" 108 (14) | 129 (17) 419 @ay 101 (21). 
pa Coronary bypass surgery 40 (5) - 49 (6) 26 (6) 30 (6) 
- ” Insulin-dependent diabetes = & SSCL) . 44 (6) 51411) 63 (13). 
.. + Cigarette smoking 401 (53) 429 (57) 199142) 175 (38) 
Cardiac findings o oo a 
Shock 19 (2) 24 (3) 13: (3). 12 (3) 
> Bibasilar rales 40 (5) 41(5) 388) 347) - 
Pulmonary congestiont s 133 (18) 145 (20) . » ld (25). 97 (21) 
Creatine kinase (> 1,000 U) 395 (52) 396 (52) 206.144) 209.(44) 
“Blood urea nitrogen (> 35 mg/dl) l 4746) 29 (4) © ~ 46.(10).. - 50 (11) 
-Systolic blood pressure { < 100 mm Hg) : 33 (4) 35 (5) : 1744) a 14 (3) 
-Type and location of acute infarction | Pane fi ; | ene 
` Anterolateral Q-wave 238 (31) 243 (32) | 149 (32) M443). 
ciot. 4nferoposterior Q-wave 315 (41) 315 (41) 167.(35) 185(40) - 
Non-Q-wave 197 (26) 169 (22) 141 (30) - 129 (27) 
Other 12 (2) 32 (4) - 13.03) 13 (3) 
Radionuclide ejection fraction | aera 
Mean ejection fraction 0.45 + 0:14 0.46 + 0.14 0:47 + 0.15 0.47 + 0.14.) 
<0.20 10 (3) 10 (3) | 3{1) Sl) 
0.20-0.29 37 (11) 30 (10) 24 (11) 29.(14) 
0.30-0.39 67 (20) 51 (16) 35 (16) 27 (13) 
20.40 226 (66) 220 (71) 152.(71) 142 (71) 
“Ambulatory electrocardiogram 
- Mean heart rate (beats/min) 72+ 12 70 + 12 73413 71 #12 
Any ventricular ectopics 584 (87) 578 (87) 361 (90) 360 (86) 
2 10 ventricular ectopics beats/hour 101 (15) 108 (16) 83 (21) 69 (17) 
> 3 ventricular ectopic beats.in a row 55 (8) 74 (11) 47 (12) 49 (12) 
Medication | | | 
Antiarrhythmic agents 67 (9) 62 (8) 50 (11) 42 (9) 
B blockers 390 (51) 393 (52)... 268 (57) 287 (61) 
Digitalis 99 (13) 95 (13) 74 (16). 76 (16) 
Diuretic agents >- 114 (15) 172 (37) 170 (36) 








eo" Values are mean + standard deviation. 





-*New York Heart Association functional classification 1 month before entry. 
-+Pulmonary congestion by x-ray categorized as mild, moderate or severe, 


a4 3 Figures are numbers of patients followed by pecenog] in parentheses. l 


116 (15) 












significant (p <0.0001, paired sample analysis) in both A similar beneficial effect with diltiazem was not 
: ‘groups with and without. hypertension, whereas no con- served in patients. without hyp j ertension. One-year ani 
` sistently significant reductions were observed in the cumulative cardiac event rates were higher with diltia- 
‘group taking placebo. 3 zem than with placebo i in patients with pulmonary con 
End points: The 1-year placebo- a P E - gestion in both subgroups with and without hyperten 
lated cardiac event rates for those with and without a sion (Table III). | 
history of hypertension, subdivided by the presence or Using the Cox proportional: -hazards regression 
absence of pulmonary congestion, are listed in Table model, the diltiazem:placebo hazard ratios for cardiac- 
HI. Patients with hypertension had lower 1-year cardi- events in patients with and without a history of hyper 
ac event rates with diltiazem than with aua and tension, subdivided by the presence or absence of pul 
iis monary congestion, are listed in Table IV. The dilt 
zem: e hazard r ratio was, s favorable (h zard rati 
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Medicat i in: bari Without and With Hen of 
Hypertension 










Pulmonary Congestion 





No Hypertension Hypertension ——— ZOH aan — See 


















Diltiazem 
{n = 458) 






Placebo 
{n = 457) 


Diltiazem 
in = 741) 
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Cardiac Event Cardiac Death 















Placebo Diltiazem Placebo. Diltiazem : is 





112414 121416 120+ 16 
112414 109+13 120+17 116+16 






No hyperterision 












































<0.0001 0.23 <0.0001 (n = 1,486) _ | “i aet 
_ No pulmonary congestion 9.3 8.1 42 . 36 °F)) 2.0 
Before. 71*9 7029 75+10 74410 (n = 1,208) E EO a 2 
fs oF 70 +9 68 +9 THEA fee 10.” Pulmonary congestion 1445 258. -85 40k o pe" 
‘yall <0.0001 0.21 ~<0.0001 (n= 278) aa ah eis aes, 
R (Dei Hypertension (n = 911) 17.8 . 11.6 OO a Te | 
“Before 72413 72413 73215. 73414 No pulmonary congestion 169.5 7.9 80° 3.7. 
: a , 72413 7012 73414 71413  {n=700) E A ee 
pV <0.0001 0.81 <0.0001. Pulmonary congestion 23.3 27.2 MB 210 ee 


in= 211) 


if rom the Kaplan-Meier comulative-event curves. 












. be 82219 80+18 88222 87+20 
After 80+18 76417 88222 82418 
<0.0001 0.30 <0.0001 — 















~. *p value by paire: t test. 
Units are mim he x beats/min/100. 
Blood pressure and heart rate values are mean + standard deviation. 
BP = blood pressure; HR = heart rate. 





TABLE IV _Diltiazem:Placebo Hazard Ratios in Patients 
Without and With History of Hypertension Subdivided by the 
Absence and Presence of Pulmonary Congestion | 


patients with pulmonary congestion regardless of the Hazard Ratio* (95% confidence limits) 















presence or absence of hypertension. A pattern of bidi- Se | 
<- rectional effects between diltiazem and the absence or Cardiac Event Cardiac Death 
_ presence of sulmonary congestion was evident in both No hypertension 1.06 (0.81, 1.37) 1.29 (0.91, 1.83) 
---the hypertersive and nonhypertensive patient groups. (n = 1,486) 
Hypertensive patients without pulmonary congestion Pulmonary congestion, — 0.86 (0.63, 1.18) 0.93 (0.59, 1.44) 
| , a ne absent (n = 1,208) 
(77% of the hypertension group) had diltiazem:placebo Pulmonary congestion, 1.63 (0.99, 2.69) 2.29 (1.25, 4.19) 
hazard ratios considerably less than unity (hazard ra- present (n = 278) ko 
tio = 0.67 axd 0.65 for first recurrent cardiac events | Hypertension (n =311) 0.77 (0.58, 1.01): 0.87 (0.60, 1.25) | 


Pulmonary congestion, 0.67 {0.47, 0.96) 0.65 (0.39, 1.07) | 
absent (n = 700) ae ee | 
Pulmonary congestion, 1.32 (0.83, 2.10) 1.96 (036,287 | : 
presentin = 211) care es i 





HISTORY OF HBP 
SUT NO PULMONARY CONGESTION 






*Ratio of the risk of the cardiac event among patients receiving diltiazem. to that ne 
among patients receiving placebo. Hazard ratios < 1,0 indicate a relative benefit forthe Jo.000 
_diltiazem-treated patients, whereas hazard ratios > 1.0 indicate a relative benefit:for: jo i4 
` the placebo-treated patients. a 2s 

















and cardiac death, respectively), whereas the reverse a 
was true for the minority of hypertensive patients (23% 
of the hypertension group) with pulmonary congestion 
(hazard ratio = 1.32 and 1.66). Beta blockers had a 
negligible effect on the diltiazem-hypertension relation. a ee 
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Diltiazem 
N= 359 
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DISCUSSION ae ae 
This retrospective analysis of a raiidainieet, double: ; 

blind clinical trial suggests that diltiazem treatment of 

—— me with a history of f hypertension 
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who had pulmonary congestion a the acute infa 


effect. The bidirectional interaction between diltiazem 
_ and the presence and absence of pulmonary congestion 
_ that was uncovered in the primary analysis,’ and fur- 
ther substantiated using other parameters of left ven- 
tricular dysfunction in a subsequent publication,’ is 
shown here to hold both for patients with and without 
_ hypertension. | 
< The mechanism of action of the potentially benefi- 
| cial effects of diltiazem in postinfarction patients with a 
« history of hypertension is unclear. Diltiazem is an effec- 
-tive antihypertensive agent,>*? and reduction of sys- 
- temic vascular resistance may exert a favorable after- 
load reduction effect on the left ventricle. Although dil- 
tiazem significantly reduced blood pressure, heart rate 
and the pressure-rate product within 2 hours after the 
initial 60-mg diltiazem dose (Table H), the magnitude 
of the reductions were small, averaging about 3% from 
the control value. We doubt that the beneficial effects 
of diltiazem in postinfarction patients with a history of 
hypertension are simply a result of the modest afterload 
reduction. We hypothesize that in the absence of pul- 
monary congestion, diltiazem favorably inhibits dys- 
functional calcium-mediated ventricular hypertrophy 
that can develop in the uninfarcted ventricular myocar- 
dium.!9 This hypertrophy-inhibiting effect of diltiazem 
` -may explain the beneficial result in patients with well 
-preserved ventricular function and the detrimental find- 
-> ings in patients with left ventricular dysfunction. In the 
latter group of patients, ventricular hypertrophy may be 
necessary to compensate for extensive myocardial 
infarction and fibrosis.'' Laboratory and clinical!!> 
studies have shown that dysfunctional ventricular re- 
sy modeling begins early after large anterior myocardial 
"infarctions. Diltiazem may exacerbate this process in 
the vulnerable heart by inhibiting compensatory hyper- 
trophy. 
__ The observed findings with diltiazem were indepen- 
dent of any @-blocker therapy that the patients were 
receiving. Beta blockers were included in the Cox mod- 
_ el, and had a negligible effect on the diltiazem-hyper- 
tension results. Furthermore, there was no 3-factor dil- 
tiazem-hypertension -blocker interaction. 
There are several limitations to this retrospective 
subset analysis. The MDPIT was not designed to test 
the scientific hypothesis that treatment with diltiazem 
- would reduce cardiac events in postinfarction patients 











¿with a ay of meea an the pre 


-tion (23%), diltiazem appeared to exert a detrimental was undertaken after the conclusion of the 


current findings, observed after considerable 
ploration, must be interpreted with caution. I 
there was good balance between treatment g 
baseline variables both for those with and withou 
pertension. Furthermore, the bidirectional 
pulmonary congestion effect observed i in the ul 
pertension analysis is similar to that observed 
original report.! The. diltiazem-related finding 
hypertension and pulmonary congestion analy: 
similar for both end points, ie., for a first ‘Tec 
cardiac event and for cardiac death, so there is ini 
consistency. Thus, the findings suggest that dilti 
may exert a long-term beneficial effect in postinfare 
patients with a history of hypertension, especial: y in 
most patients who do not develop pulmonary conges 
during the acute infarction, and a detrimental effec 
the minority who do develop pulmonary congestion. : 
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ular ejection fraction (EF) were compared for the 

- of all-cause mortality, arrhythmic 
vents and sadden death in 385 survivors of 

acute myocardial infarction. For arrhythmic 

events, where, for a sensitivity of 75%, HR vari- 

ability index had a specificity of 76%, EF had a 

_ specificity of only 45%. An EF of <40% had a 

sensitivity of 42% and a specificity of 75% for 

arrhythmic avents; for the same sensitivity an 

HR variability index of 20 U had a specificity of 

92%. An EF <40% had a sensitivity of 40% and 

-a specificity of 73% for sudden death; HR vari- 

_ ability index had a specificity of 83% for the 

< same sensitivity. For all cause mortality, where, 

. for a sensitiaty of 75%, HR variability index had 
a specificity of 52%, EF had a specificity of 

_ » 40%. It is cancluded that HR variability index 

-appears a better predictor of important postin- 

- farction arrhythmic complications than left ven- 

tricular EF, cut both indexes perform equally 

well in predicting all-cause mortality. 

(Am J Cardiol 1991;:68:434-439) 
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he clinical value of any prognostic variable is 
determined by how well it predicts and explains- 
specific events. A low left ventricular (LV) ejec- 
tion fraction (EF) is a consistent predictor of postin- 
farction morbidity and mortality! -?; but because it does 
not identify the specific causes of these complications, it 
makes only an indirect contribution to clinical manage- 
ment. It has recently been shown that depressed heart 
rate (HR) variability index or baroreflex sensitivity re- 
flects sympathovagal imbalance*> and is associated 
with in-hospital mortality,® subsequent all-cause mor- 
tality,’ arrhythmic events? and sudden death?!) after 
myocardial infarction. Kleiger et al’ used the standard 
deviation of the RR intervals of normal cycles as an 
index of vagal tone, and found that over a 31-month 
follow-up period, patients with an RR standard devi- 
ation <50 ms had a mortality of 34%, those with an 
RR standard deviation 2100 ms had a mortality of 
9.0%, and patients with intermediate values had a mor- 
tality of 14%. Farrell et al!® later reported that a low 
HR variability index had a sensitivity of 85% anda 
specificity of 74% for predicting arrhythmic events af- 
ter myocardial infarction. They also found that the > 
combination of a low HR variability index with ventric- 
ular late potentials had a sensitivity of 60% and a posi- 
tive predictive value of 32% for arrhythmic events; 
characteristics superior to those obtained from the com- 
bination of a low EF and frequent ventricular ectopics. 
Because LVEF is the standard against which other 
prognostic variables must be compared, we compared 
the indexes of HR variability and LVEF for the predic- 
tion of all-cause mortality, arrhythmic events and sud- 
den death in 385 survivors of acute myocardial infarc- 
tion. 








METHODS = 





minutes; (2) a sequential increase and decrease in plas- 
ma concentrations of aspartate transaminase, §-hy- 
droxybutyric dehydrogenase or creatine phosphokinase 
with a peak concentration at least twice the upper limit 
of normal for our laboratory; and (3) development of 
new pathologic Q waves or persistent ST/T changes 
suggestive of non-Q-wave infarction. Only patients ad- 
mitted straight from home and who survived the acute 
phase of myocardial infarction were enrolled in the 
study and studied prospectively. Ninety-two patients 
were excluded: these included those with important 
noncardiac disease, a history of previous cardiac sur- 
gery or permanent pacemaker insertion, or those who 
were unable to be followed up. Patients with atrial fi- 
brillation, left bundle branch block and those in whom 
ambulatory monitoring or assessments of EF could not 
be performed were also excluded. Of the 477 patients, 
385 (80.7%) are reported. These patients were followed 
up for 25 months (range 151 to 1,618 days). There 
were 44 deaths, 14 of which were sudden, Based on the 
Cardiac Arrhythmia Pilot study,'* sudden death was 
defined as death within an hour of the onset of new 
symptoms, but also included those who died during 
sleep. There were 26 patients with arrhythmic events, 
including the 14 sudden deaths; 12 others had symp- 
tomatic, sustained (lasting >30 seconds) ventricular 
tachycardia documented electrocardiographically. 

Ambulatory twenty-four-hour electrocardiograms: 
Ambulatory twenty-four hour electrocardiograms were 
recorded at a median of 7 days (range 5 to 10) after 
infarction using a Reynolds Tracker 2-channel recorder 
(leads II and CMs). The sequence of durations of the 
intervals between adjacent QRS complexes of normal 
morphology was analyzed by using the Pathfinder III 
system, Mk 2 (Reynolds Medical Ltd). None of the 
patients were receiving specific antiarrhythmic therapy 
but 153 (40%) patients were taking 8 blockers. 

Heart rate variability index: As previously de- 
scribed!3:'4 HR variability index was calculated for 
each patient. First, the frequency distribution of dura- 
tions of normal-to-normal RR intervals was construct- 
ed. Measured values of HR variability were then ob- 
tained in technical units by measuring the baseline 
width of the distribution curve (Figure 1). Each unit 
corresponded to 1/128s (= 7.8 ms). This method of 
triangular interpolation of the frequency distribution of 
normal-to-normal interval duration is not affected by 
low levels of noise and artifact, whereas the widely used 
methods based on the standard deviation of normal-to- 
normal interval durations require artifact-clear recogni- 
tion of the long-term electrocardiogram.!? 

Left ventriculography: Before discharge from the 
hospital, the patients performed a symptom-limited 
treadmill exercise test using a Bruce protocol. Patients 
(n = 218) with an abnormal test, i.e., patients with ST 


n a a. -oa = y% <== 


= = Le SS > = 
— ao € 3 » 


depression, an exercise duration of <3 minutes, an in- 
crease in blood pressure of <30 mm Hg, or exercise- 
induced angina had coronary and LV angiography be- 
fore discharge. LVEF was calculated from the right an- 
terior oblique view with a Mac angiocomputer package 
based on the formula of Sandler and Dodge.!> In pa- 
tients who did not undergo coronary angiography (n = 
167), radionuclide angiograms were recorded in the su- 
pine position and the EFs calculated by the multiple- 
gated method performed in the 45 to 60 left anteri- 
or oblique projection.2 A comparison in 12 patients 
showed a good correlation between the 2 techniques 
(r =0.8). 

Statistical analysis: The relation between HR vari- 
ability and LVEF values assessed in individual patients 
was tested using correlation coefficients. The major end 
points for analysis were all-cause mortality, arrhythmic 
events and sudden death. This analysis was carried out 
in 2 steps. First, the sensitivity and specificity were 
computed for different dichotomy limits of HR vari- 
ability and LVEF for predicting all-cause mortality, 
sudden death and arrhythmic events. To compare the 
predictive characteristics of HR variability and LVEF 
for the chosen end points, receiver-operator curves, 
which express the dependence of the specificity on the 
sensitivity, were computed for univariate (HR variabili- 
ty or LVEF) and multivariate (HR variability com- 
bined with LVEF) stratification. 


RESULTS 

LVEF ranged from 10 to 87%, whereas the HR 
variability index ranged from 4.7 to 114.8 U. Figure 2 
shows that HR variability and EF were correlated in 


Number of 
normai-to-norma!l RR intervals 


Frequency distribution 
histogram 


Duration 
of RR intervals 
[technical unites] 


HR variability = 
baseline width of triangular interpolation 





FIGURE 1. For the measurement of heart rate (HR) variability 
index, the frequency distribution histogram of the normal-to- 
normal RR intervals was constructed. The curve of the histo- 
gram was then approximated by a linear triangular function 
that had the same maximal point and was the nearest to the 
EOIN TSE sparing tn mp Darena ma sss 
difference). The baseline width of this approximation triangle 
was taken as the value of HR variability index. 
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the total popelation (p <0.01) but that this correlation 
was weaker ¥ the patients who had arrhythmic events 
(p <0.05). Tnere was no significant correlation be- 
tween HR variability and LVEF in the sudden death 
group. 

All-cause mortality: Figures 3 and 4A show the re- 
lation betweem EF, HR variability index and all-cause 
mortality. Nether EF nor HR variability index useful- 
ly predicted all deaths. However, an HR variability 
<39 U (bas=ine width of normal-to-normal duration 
distribution =305 ms) had a sensitivity of 75% and a 
specificity of =2%; for the same sensitivity the EF had a 
specificity of 40%. An EF <40% had a sensitivity of 
48% and a specificity of 78% for all-cause mortality. 
The combina-ion of HR variability and the EF ap- 
peared to imorove specificity for values of sensitivity 
<60% (Figu 4A). 

Arrhythmi events: Most arrhythmic events oc- 
curred withir the first 90 days of infarction. Figure 3 
shows that ar HR variability index of <30 U had a 
sensitivity of 75% and a specificity of 76%; for the same 
sensitivity, E~ had a specificity of only 45%. An EF of 
<40% had a sensitivity of 42% and a specificity of 
75%. The combination of HR variability index and EF 
improved speaificity for values of sensitivity between 25 
and 75% (Fiaure 4B). 

Sudden death: Most (75%) of the sudden deaths oc- 
curred withir the first 90 days of infarction. Figures 3 
and 4C summarize the relation between EF, HR vari- 
ability index and sudden death. An EF <40% had a 
sensitivity of enly 40% and a specificity of 73%. For a 
sensitivity of 100%, HR variability index had a specific- 
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ity of 36%, better than for arrhythmic events: for the 
same sensitivity, EF had a specificity of only 10%. For 
a sensitivity of 75%, HR variability index had a speci- 
ficity of 75%, but LVEF had a specificity of only 47%. 
Specificity increased for values of sensitivity between 25 
and 75% when HR variability and LVEF were com- 
bined (Figure 4C). 

In summary, HR variability index performed better 
than LVEF, particularly in predicting arrhythmic 
events and sudden death. 


DISCUSSION 

A low LVEF is an established predictor of postin- 
farction complications,'~* but it does not indicate the 
specific mechanisms for these events. Autonomic func- 
tion tests, on the other hand, provide insights into the 
causes of arrhythmic events after myocardial infarc- 
tion.*+> We have shown for the first time that, whereas 
HR variability index and EF do not differ significantly 
in predicting all-cause mortality, the former is a better 
predictor of arrhythmic events and sudden death. Thus, 
we have extended previous findings’ by showing that 
autonomic function tests may provide a more secure 
basis for postinfarction risk stratification than measure- 
ment of the EF. 

Differences in the number of patients, the timing of 
investigations, methods of analysis and the proportion 
of patients with specific end points make comparisons 
between studies difficult and may explain some of the 
discrepancies mentioned later. An EF <40% in our 
study had a sensitivity of 48% and a specificity of 78% 
for all-cause mortality, similar to 50 and 68%, respec- 


FIGURE 2. A scatter diagram showing the 
values of heart rate variability (HRV) and 

left ventricular ejection fraction (LVEF) in 

individual 


discrete 
scales with steps of 2% for LVEF and 2 U 
for HRV index. In cases in which 2 pa- 
tients have the same values, only 1 mark 
is printed. 
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tively, reported by the Multicentre Postinfarction Re- 
search Group.? However, our figures disagree with 
those of Gomes et al,! in whose study of 97 patients, 
EN an EF <40% had a sensitivity of 54% and a specificity 
of 87% for arrhythmic events; the corresponding figures 
in this study were 42 and 75%, respectively. Our results 
also disagree with those reported by Schulze et al.!” In 
a study of 81 patients, they found that an EF <40% 
had a sensitivity of 100% and a specificity of 49% for 
sudden deaths, similar to the results reported earlier by 
Vismara et al,! based on a follow-up of 64 patients. In 
Schulze’s study, the sudden death rate of 14.7% among 
patients taking antiarrhythmic therapy indicates that a 
proarrhythmic effect may have contributed to the asso- 
ciation between a low EF and sudden death. None of 
our patients were receiving specific antiarrhythmic 
therapy when the investigations were performed and an 


= 
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EF <40% had a sensitivity and specificity for sudden 
death of only 34 and 74%, respectively. 

With respect to HR variability, our figures agree 
with those reported by Kleiger et al.’ An RR standard 
deviation <SO ms in their study had a sensitivity of 
33.8% and a specificity of 87.9% for all-cause mortali- 
ty, and in our study HR variability index <19 U (or 
baseline width units <150 ms) had a specificity of 
96%. Kleiger et al’ also found that patients with an RR 
standard deviation <50 ms and an EF <30% had a 
mortality of 49% (sensitivity 15%, specificity 97%), 
whereas those with an EF >40% and an RR standard 
deviation >100 ms had a mortality of only 7% (sensi- 
tivity 8.9%, specificity 78.7%). In the present study, 
combining the EF with the HR variability index im- 
proved the specificity in predicting all-cause mortality 
when sensitivity was <60% (Figure 4A); the specificity 
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o into ventricular fibrillation. 1°20 
eath rate in our study of 4% is similar to 
ted by Mukharji et al (5.4%),! Kostis 
22 and their co-workers, and it constituted 36.4 
3% of all-cause mortality and arrhythmic 
“respectively. However, we analyzed sudden 
eath as a separate end point because there is a need to 
-identify those most likely to benefit from expensive or 
-< ‘potentially harmful measures such as prolonged antiar- 

rhythmic therapy or the implantation of automatic de- 
 fibrillators. Furthermore, the predictors of ventricular 
tachycardia, as such, may differ from those that predict 

its deterioration into ventricular fibrillation. Finally, a 
predisposition to ventricular fibrillation itself may not 
coincide with a propensity to develop ventricular tachy- 
cardia. Figures 2 and 4C, e.g., suggest that autonomic 
dysfunction was uniformly more severe in the subgroup 
of patients who died suddenly than in the group with 
arrhythmic events as a whole. 

Our results should be interpreted with caution. We 
used a method for computing HR variability index dif- 
ferent from that used in other studies. Also, a depressed 
HR variability index does not distinguish between par- 
ticular changes in sympathetic and vagal activity. Such 
data may be provided by power spectral analysis of 
‘Holter electrocardiograms,”? leading possibly to a ratio- 
nal basis for selecting drug therapy in patients with 
postinfarction autonomic dysfunction. Another limita- 
tion of our study is that LVEF was assessed either by 
invasive contrast angiography or by radionuclide scans. 
The predictive characteristics of the LVEF may have 
also been improved if the true end-systolic and end- 
diastolic volumes had been calculated and wall motion 
abnormalities had been considered. 

Despite these limitations, it can be concluded that 
HR variability index is a better predictor of important 
postinfarction arrhythmic complications than raw 
LVEF. 
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_ Marek Maiix 


- The study examined standard time domain vari- 
ables of a signal-averaged electrocardiogram 
- — (SAECG) in 328 survivors of acute myocardial 


infarction. The correlation of these variables 
with age and the influence of age on the predic- 


___. tion of postinfarction arrhythmic complication 

_ (sudden death [n = 12] or sustained ventricular 
_ tachycardia, er both [n = 14]) from the SAECG 
correlations (p <0.00002) between age and 


patients aged <60 years, the SAECG-based 


stratification af arrhythmic complications after 


myocardial infarction in patients >60 years had 


a lower sensitivity for the same values of specific- 


it is conchused that (1) the total duration of 


_. signal-averagedi QRS complexes and duration of 
__ the terminal lew-amplitude signals increase, 

_ whereas the mean voltage of the terminal portion 
of the averaged complexes decreases with age; 
_ — (2) in patients surviving myocardial infarction, 
__. the criteria for pathologic late potentials should 
__.. depend on age: the normal values — root-mean- 
-square voltage of the terminal 40 ms of the sig- 


- — nal-averaged CRS complex, 


>25 „V; total dura- 


tion of the signal-averaged QRS complex, <115 
oe ms; and the duration of low-amplitude signals 


<37 ms for patients aged <60 years; 


and root-mean-square voltage of the terminal 40 
ms of the signel-averaged QRS complex, >15 
pV; total duration of the signal-averaged QRS 
š complex, <12 ms; and the duration of low-am- 





Fi From the Departmens of Cardiological Sciences, St. George’s Hospital 
Be Medical School, Lomċcn, England. This study was supported in part by 
-the British Heart Foundation, London, England. Manuscript received 







oc. rdiographic Variables After / Acute 
Myocardial Infarction 


, PhD, MD, Olusola Odemuyiwa, MD, Jan Poloniecki, PhD, Piotr Kulakowski, MD, 
Thomas Farrell, MD, Anne Staunton, RN, and A. John Camm, MD 


plitude signals <40 4V, <43 ms for patients >60 
years —~ have 90% specificity and could there- 
fore be useful thresholds for considering antiar- 
rhythmic intervention; and (3) an abnormal 
SAECG after acute myocardial infarction is more 
strongly associated with subsequent arrhythmic 
complications in younger than in older patients. 
(Am J Cardiol 1991;68:440--445) 


any reported studies have examined the val- 
M ue of a signal-averaged electrocardiogram 

(SAECG) for identifying patients who are 
at high risk of arrhythmic events after myocardial 
infarction. ? Most of these studies use 3 standard 
SAECG variables: root-mean-square voltage of the ter- 
minal 40 ms of the signal-averaged QRS complex 
(RMS-40), the total duration of the signal-averaged 
QRS complex (tQRS), and the duration of low-ampli- 
tude signals <40 uV (LASD-40). The values of these 
SAECG characteristics that are used to define the 
presence of pathologic late potentials are reported to be 
influenced by other clinical variables, such as the in- 


farct site.? This study investigates the influence of age _ 


on the values of standard SAECG variables. The aim 
of the study is to establish whether different criteria for 
the definition of pathologic late potentials should be ap- 
plied to different age groups of patients after acute 
myocardial infarction. 


METHODS 

Patient population: The study examined 328 pa- 
tients, aged 31 to 74 years, who were admitted to the 
hospital with acute myocardial infarction and who sur- 
vived to discharge. Acute infarction was diagnosed as 
the presence of 2 of the 3 following criteria: (1) chest 


pain of ischemic type lasting =20 minutes; (2) a se- . 
quential elevation and decrease in the plasma. concen- >o 
oe of B nee ces a dehydrogenase, aspartate = 











TABLE | Summary of Patient Population 


Number of Patients 


Other 


VT TD MblHistory Patients Total 
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orewon hf owoo 


0 0 
0 1 
0 2 
0 0 
4 2 
4 9 
3 5 
2 9 
l 4 
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MI = myocardial infarct; SD = sudden death; TD = total death; VT = sustained 
ventricular tachycardia. 


of local laboratory; and (3) development of new patho- 
logic Q waves or persistent ST/T changes suggestive of 
non-Q-wave infarction. Patients were excluded if they 
had noncardiac disease likely to increase mortality, im- 
portant nonischemic cardiac disease, a history of previ- 
ous cardiac surgery or permanent pacemaker insertion, 
and if they were unable to be followed up. Patients with 
bundle branch block or ventricular preexcitation were 
excluded because the wide QRS patterns disturb the 
time domain SAECG analysis. A history of previous 
myocardial infarction was present in 39 patients who 
were included. 

Patients were followed up for 26 months (mean fol- 
low up 14), during which 32 patients died, 12 of them 
suddenly (within 1 hour from the onset of symptoms or 
during sleep) and 14 patients had spontaneous sus- 
tained ventricular tachycardia. 

Signal-averaged electrocardiography: In cach pa- 
tient, a high gain SAECG was obtained before hospital 
discharge (days 5 to 11 after infarction) using a sys- 
tem of Arrhythmia Research Technology (model 1200 
EPX). The system utilizes Frank orthogonal leads; the 
sampling rate of 1 KHz, and low and high pass filters 
of 250 and 25 Hz were used. In each patient 200 to 
500 ventricular complexes were averaged; the achieved 
noise level was <0.5 uV. The 3 above-mentioned stan- 
dard quantitative SAECG variables (RMS-40, tQRS 
and LASD-40) were computed in each case. Several 
patients were treated by 8 blockers but in all cases, the 
SAECG was obtained when the patient was taking no 
other antiarrhythmic therapy. 

Statistics and data manipulation: The relationship 
of age to the values of SAECG variables was assessed 
by correlation coefficients computed individually for 
each SAECG variable in (1) the whole patient popula- 
tion, (2) patients who had arrhythmic complications 
(sudden death or ventricular tachycardia), and (3) pa- 
tients free of arrhythmic complications. 
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populations events 
and all-cause mortality) and the patients with a history of in- 
farction. Numbers shown under and above bars indicate num- 
bers of patients in individual groups. LASD-40 = duration of 
low-amplitude signals <40 LV; RMS-40 = root-mean-square 
voltage of the terminal 40 ms of the signal-averaged QRS 
complex. 
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À ; TABLE II Correlation Coefficients Between Age and Signal- 
Averaged Elect-ocardiographic Variables 













No. of 
Pts. RMS-40 tQRS 


328 -0.26745* +0.24655* 


Patient 


Group LASD-40 


+0.21830* 














Total 










(0.000005) (0.00001) (0.00002) 
Arrhythmic event 26 -—0.26247* +0,04157* +0.06800* 
(NS) (NS) (NS) 
No arrhythmic event 302 -0.25161* +0.23994* +0.21110* 







(0.00001) (0.00005) (0.0001) 








*Coefficients. 
Numbers in parercheses show the statistical significance of the correlation. 
LASD-40 = duration of low-amplitude signals <40 V; NS = not significant; 

tQRS = total duration of the signal-av QRS complex; RMS-40 = root-mean- 

square voltage of the terminal 40 ms of the signal-averaged QRS complex. 









The entire patient population was classified into 9 
age groups: from 30 to 35 years, 35 to 40 years, ... to 
70 to 75 years. Mean values of individual SAECG vari- 
ables were computed for each group. The statistical dif- 
ferences between the values of SAECG variables in 
those who had arrhythmic complications and in those 
who remained free of arrhythmic complications were 
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axis). 
bars correspond to patients who had arrhythmic stippled 
group. Numbers shown under and above bars indicate numbers of patients in individual groups. Abbreviations as in Figure 1. 
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TABLE ili Differences Between Signal-Averaged 
Electrocardiographic Variables in Patients with Arrhythmic 
Complications and in Other Patients 


Number of Patients Statistical Significance 


Others RMS-40 tQRS LASD-40 


0.05 
0.0001 
0.05 
NS 

NS 


SD/VT 


0.000002 0.000005 


0.05 0.05 
The values of statistical significance (2-sample t test) are shown for individual 
SAECG variables. The columns "SD/VT" and “Others” list the number of patients with 
and without arrhythmic complications in each age group, respective! 


y. 
TO = signal-averaged electrocardiographic; other abbreviations as in Tables | 
and Il. 


also computed. Standard 2-sample ¢ test assuming the 
same variances of compared samples was used; statisti- 
cal significance to p <0.1 was considered. The sensitiv- 
ity and specificity of stratification for arrhythmic com- 
plications were computed for each SAECG variable 
and for all possible dichotomizing values for patients 
aged < and 260 years. 


RESULTS 

Age classification of patient population: The classi- 
fication of the entire patient population into 9 age sub- 
groups is listed in Table I. Of the total number of ar- 
rhythmic complications (26 of 328, 7.9%), the majority 
occurred in age groups 50 to 55 years (5 of 58, 8.6%), 
55 to 60 years (10 of 68, 14.7%) and 60 to 65 years (6 
of 64, 9.3%). The remaining 5 events occurred in age 
groups 65 to 70 years (3 of 51, 5.9%) and 70 to 75 
years (2 of 17, 11.8%). 
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Correlation of signal-averaged electrocardiographic 
variables with age: Mean values (+ standard error) of 
individual SAECG variables in the 9 age subgroups of 
patients are presented in Figure 1. Apart from the com- 
plete subgroups, the figure presents these values for 
only patients who had a uncomplicated follow-up after 
a first myocardial infarction (patients with arrhythmic 
events or death during follow-up and patients with the 
history of a previous infarction were excluded). 

The strong correlation between the mean values of 
SAECG variables and age that we observed in Figure 1 
has been confirmed by computing the correlation coef- 
ficients (Table II), but there was no correlation be- 
tween SAECG variables and age among those with ar- 
rhythmia events. In the entire patient population and in 
those who remained free of arrhythmia complications, 
the values of age and of each of the SAECG variables 
were strongly correlated. The value of RMS-40 had 
negative correlation with age, the values of tQRS and 
LASD-40 had positive correlation with age. 

Age-related stratification of arrhythmic events: No 
patient aged <50 years had arrhythmic complications 
during follow-up. Table III lists the statistical differ- 
ences between the SAECG variables in the patients 
with arrhythmia and in the remaining patients in age 
groups 50 to 55 years ... to 70 to 75 years. The table 
also shows these differences in age groups < and 260 
years. Mean value (+ standard error) of SAECG vari- 
ables in individual age groups are shown in Figure 2. 
The differences between the SAECG variables in pa- 
tients with and without arrhythmia were statistically 
significant in groups aged 50 to 55, 55-60 and 60 to 65 
years, but were not significant in age groups 65 to 70 
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FIGURE 3. Pilots of sensitivity and 
stratification of arrhythmic 





specificity curves of individual signal-averaged electrocardiographic 
events in the population of patients aged <60 (bold lines) and >60 (fine lines) years. Each part of 
electrocardiographic variable (labels at bottom of each part). Horizontal axes cor- 
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and 70 to 75 years; however, the number of patients 
with arrhythmia in the latter groups was small. 


When comparing patients aged < and 260 years, | 


we observed statistically significant differences between 
patients with and without arrhythmia in both groups, 
but the levels of significance were much higher in the 
younger group (see Table III). 

The sensitivity and specificity curves of individual 
SAECG variables for arrhythmic events in groups of 
patients aged < and 260 years are presented in Figure 
3. The dichotomy points for 90% specificity differed for 
both groups in all variables (RMS-40, >15 uV; tQRS, 
<126 ms; and LASD-40, <43 ms for the group aged 
>60 years, and RMS-40, >25 uV; tQRS, <115 ms; 
and LASD-40, <37 ms for the group aged <60 years). 
In all 3 variables, the sensitivity corresponding to the 
90% specificity was higher for the group aged <60 
years than for the group aged 260 years (RMS-40, 60 
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- DISCUSSION 
Study limitations: The study has been confined to 
the standard zme domain SAECG variables and to the 
. 255 50-Hz filter setting. We did not investigate 
variables of ne spectral SAECG analysis, although 
these might be superior to the time domain variables 
pecially in some selected subpopulations of patients 
viving after acute myocardial infarction. 
Tt is not sbvious to what extent our observations 
ere influenced by our analysis of the postinfarction 
population. From the purely physiologic point of view, 
it might be more appropriate to investigate these age- 
related phenomena in healthy subjects. On the other 
- hand, the diagnosis of late potentials is one of the very 
valuable techriques in identifying patients who are at 
high postinfarction risk. Therefore, the way in which 
-the diagnosis <f late potentials is disturbed by the influ- 
ence of age an the SAECG variables should be ad- 
dressed in the postmyocardial population. 
A history ef previous infarction was more frequent 
in patients aged >60 years and this could have contrib- 
uted to the cbserved phenomena. However, when ex- 
~ eluding patieacs with previous infarctions as well as pa- 
tients with serous postinfarction complications, the cor- 
_. relation betw22n age and SAECG variables was fully 
-= preserved (sæ Figure 1). All recordings were made 
when the patents were not treated with antiarrhythmic 
drugs that are likely to influence the SAECG variables; 
the study did 30t investigate differences in the use of 8 
blockers between younger and older patients. Other re- 
ports have shewn that these drugs do not importantly 
influence the SAECG analysis.!° On average, younger 
patients were treated more frequently with 8 blockers 
than the olde- patients. Therefore, the possible effect of 
_ B blockers on the SAECG result would have distorted 
our findings m the opposite direction. 
: Study impäcations: Various consistent age-related 
> changes in thz normal electrocardiogram have been re- 
-< ported includiag the alterations in the PR and QT in- 
tervals,!! the changes of the electrical axis of ventricu- 
Jar complexes.!2 and QRS durations and amplitudes. !3 
Age-related <nanges in potential surface maps have 
also been described.'4 It has been proposed that these 
‘changes are zue to the degenerative processes within 
heart tissues, especially within its conduction system.!! 
ŻOA generaly slower propagation of excitations wave 
ronts within -he myocardium of patients in the older 
ge groups Cem aae za the eee arate 
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PUR of SAECG apk between ar | ul 
uncomplicated cases that we observed in a the 2 olde 
age groups (65 to 75 years) can be explained. by t | 
small numbers of patients who had arrhythmia compli 
cations in these groups. Nevertheless, the difference be- 
tween arrhythmia and uncomplicated cases in patients- 
aged >60 years was more significant in the younger — 
group, and this finding is consistent with the other ob- 
servation that for the same specificity of identification. 
of arrhythmic events, the individual SAECG variables 
provide higher sensitivity in the younger patients than 
they do in the older age groups. These findings suggest ` 
that the diagnosis of late potentials is more effective in 
identifying younger patients who are at postinfarction 
risk of arrhythmia than in recognising older high-risk 
patients. 2, teat 

The definition of pathologic late ponti has not 
yet been standardized and different investigators 
use different criteria for their diagnosis. However, the- 
strong relation with age was found systematically in all 
3 SAECG variables, and it would therefore be surpris- 
ing if this correlation with age would not affect all of 
the published clinical criteria for the diagnosis of late 
potentials. 






























































REFERENCES 


1. Breithardt G, Schwarzmaier J, Borggrefe M, Haerten K, Seipel L. Prognostic 
significance of late ventricular potentials after acute myocardial infarction, Eur 
Heart J 1983;4:487-495. 

2. Kanovsky MS, Falcone RA, "Dresden CA, Josephson ME, Simpson MB. 
Identification of patients with ventricular tachycardia after myocardial infarction: 
signal-averaged electrocardiogram, Holter monitoring, and cardiac inte 
tion. Circulation 1984;70;264-270. 

3. Denniss AR, Richards DA, Cody DV, Russell PA, Young AA, Cooper’ MJ, 
Ross DL, Uther JB. Prognostic significance of ventricular tachycardia and fibril- 
lation induced at programmed stimulation and delayed potentials detected on the. - 
signal-averaged electrocardiograms of survivors of acute myocardial infarction. _ 
Circulation 1986;74:731~7485. | 
4. Gomes JA, Winters SL, Stewart D, Horowitz S, Milner M, Barreca P, A new 
noninvasive index to predict sustained ventricular tachycardia and sudden death in 
the first year after myocardial infarction: based on signal-averaged electrocardio- ` 
gram, radionuclide ejection fraction and Holter monitoring. J Am Coll Cardial 
1987;10:349-357, 

5. Kuchar DL, Thorburn CW, Sammel. NL. Prediction of serious arrhythmic = 
events after myocardial infarction: signal-averaged. electrocardiogram, Holter ~ eu 
monitoring and radionuclide ventriculography. 4 Am Coll Cardiol 1987; 9 na 
531-538, e 
6. Cripps T, Bennett ED, Camm AJ, Ward DE. High gain signal E e 
electrocardiogram combined with 24 hour monitoring in patients: early after Ne Ss 
myocardial infarction for bedside prediction of arrhythmic ¢ events. Br Heart I o 
1988;60:181~187. Be age 
7. El-Sherif N, Urselt SN, Bekheit S, Fontaine J, Turitto G, Henkin R, Caref EB. Se 
Prognostic significance of the signal-averaged ECG depends on the. time of recor 
ing in the postinfarction period. 4m Heart J 198951 18:256-264, . a 
8. Y A, Romano S, Pozzoni L, Tarricone Ì D, Sangiorgio S 


wad 






















Cr y 


ae 


OA hates Jy a 













» for chest cole and anterior ST- 
: sceonent elevation who subsequently develop 
-non-Q-wave infarction are unknown. Of the 75 
- consecutive patients who initially presented with 
_ chest pain aad ST-segment elevation in the ante- 
_ rior leads (V-V, l, aVL) and were treated with 
_ intravenous streptokinase (time from symptoms 
to treatment averaged <3 hours), 32 (43%) de- 
_ veloped a nan-Q-wave and 43 (57%) a Q-wave 
myocardial infarction. 
‘Twenty seven of 32 patients (84%) from the 
_ non-Q-wave group and 39 of 43 (91%) from the 
- Q-wave group were studied by angiography at 
5,16 + 2.88 days after the onset of myocardial 
was 1346 vs 20+ 7 mm Hg (p <0.001), left 
ventricular aection fraction was 60 + 8 vs 
49 + 14% (p <0.001) and the infarct vessel pa- 
tency rate was 85 vs 72% (p = 0.44) in patients 
with a non-Q versus a Q-wave infarction, respec- 
tively. In summary, when patients presenting 
with chest pain and ST-segment elevation are 
treated with streptokinase, a significant portion 
<> of these symptoms will evolve into a non-Q-wave 
- infarction. Patients with a non-Q-wave infarction 
_ will have a cetter preserved left ventricular func- 
— tion than patients who develop a Q-wave infarc- 
tion. This saggests the need for equal distribu- 
-tion of suck patients in randomized trials of 
thrombolytic therapy for acute myocardial in- 
-farction to avoid misinterpreting data between 


(Am J Cardiol 1991;68:446--450) 
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lassification of myocardial infarction based on 


electrocardiographic criteria as Q wave and. 


non-Q wave is now well accepted.! Within the 
group with non-Q-wave myocardial infarction, there 


are 30 to 40% of patients who will present with ST- 


segment elevation.*~* Natural history of patients with 
myocardial infarction who present only with ST-seg- 
ment elevation have shown that up to 37% will subse- 


quently develop a non-Q-wave infarction.* Several clini- 


cal studies have shown that up to 57% of patients with 
non-Q-wave myocardial infarction will have a patent 
infarct artery at angiography even without receiving 
any thrombolytic therapy.° It is known that intracoro- 
nary thrombus plays a pathogenetic role in patients 
with non-Q-wave myocardial infarction and unstable 
angina.®® Early use of thrombolytic therapy in patients 
with acute myocardial infarction who present with 
chest pain and ST-segment elevation is now well ac- 
cepted. It seems logical to expect, therefore, that wide- 
spread use of thrombolytic therapy in patients who pre- 
sent with chest pain and ST-segment elevation will re- 
sult in a greater number of such episodes that would 
have evolved into Q-wave myocardial infarctions, to. be 
aborted into a non-Q-wave myocardial infarction.? In 
addition one would expect that the patency rates of the 
infarct artery in such patients would also be much 
higher than in patients with non-Q-wave myocardial in- 
farction who did not receive thrombolytic therapy. 
There is lack of data in published reports on such pa- 
tients who are treated with thrombolytic therapy for 


chest pain and ST-segment elevation that subsequently | 
does not evolve into a Q-wave infarction. The purpose. 
_ of this study was to analyze this specific subgroup of. 


patients and compare them with patients who subse- Pa 


quently develop Q-wave myocardial infarction. 


METHODS l cee 
Patients: a consecutive e patients a mitte 
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ey (1) t bad Pa acute chest pair la 7 
30 minutes unrelieved by nitroglycerin, 6) had ST- 
segment elevation >1 mm in 2 contiguous leads, (3) 
had a total duration of symptoms lasting <6 hours, and 
(4) were aged <70 years. Patients were excluded if 
they had (1) previous history of allergy to streptokinase 
istory of receiving streptokinase in the previous 6 
ths; (2) history of cerebrovascular accident, major 










| past month; (3) cardiac massage during the admis- 
n for acute myocardial infarction; (4) severe anemia, 
ling or coagulation abnormality; and (5) incurable 
primary disease (e.g., cancer) or uncontrolled hyperten- 
-sion (systolic >200 mm Hg, diastolic >110 mm Hg). 
_. All patients subsequently had confirmation of the myo- 
cardial infarction by an increase and decrease of the 
ice creatine kinase-MB isoenzyme. 
"< Treatment regimen: Before starting therapy with 
- streptokinase, all patients received 100 mg of hydrocor- 
- tisone and 50 mg of pheniramine aminosalicylate intra- 
- - yenously. Lidocaine, 100-mg bolus, was given followed 
by infusion of 2 mg/min, with adjustment as needed, 
and was discontinued 24 hours later. Streptokinase, 1.2 
-to 1.5 million U, was then infused intravenously over 40 
minutes. Heparin was initiated after completion of 
--. streptokinase infusion, 1,000 U /hour, and was adjusted 
subsequently by checking the partial thromboplastin 
time to keep it 1.5 to 2 times the control value. Heparin 
was usually continued for 5 days after acute myocardial 
_ infarction. All patients received routine coronary unit 
care such as oxygen, analgesics and sedation. Other 
oF drugs such as nitrates, 6 blockers, calcium antagonists 
< and aspirin were used as needed. 
Electrocardiographic analysis: All patients had a 
» 12-lead ECG recorded on admission before infusion of 
"streptokinase. Serial ECGs were then recorded daily 
until discharge from the hospital. Based on serial 
<. ECGs, a Q-wave infarction was diagnosed if new Q 
waves 230 ms in duration appeared in 22 contiguous 
ae leads. When these were absent, a non-Q-wave infarc- 
"tion. was diagnosed. No patient had a Q-wave present 
on the admission ECG before receiving streptokinase. 
To quantitate the magnitude of ST-segment elevation, 
_. measurement was made 80 ms after the J point with 
a the preceding TP segment as the baseline. 
` “Biochemical investigations: On admission, all pa- 
-tients had serum cholesterol measured. Creatine kinase 
and its MB isoenzyme were obtained on admission and 
-cat 6, 12, and 18 hours after streptokinase infusion and 
‘then daily for 2 more days. Time to peak creatine ki- 
was aken as the time from onset of chest pain to 














ologic, thoracic, abdominal or vascular surgery in- 





<0. eae was considered Kl patien s nibcani 
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No. of patients 






































Age (years) 43 +t 12 628. 

Men/women _ 31/1 40/3 

Previous infarction 2:(6%) 2 (5%) 

Diabetes mellitus 6 (19%) 9 (21%) 

Systemic hypertension 4 (13%) 4 (9%) 

Cigarette smoking 19 (59%) 27 (63%) 

Family history of CAD 3 (9%) 3 (7%) NS 

Serum cholesterol (mg/dl) 217 + 66 221+48 NS 

Dose of SK (million units) 1.33 +0.28 142+0.18 NS 

Time to SK (min) 159 + 94 167 +105 NS 

Concomitant therapy ae 
Aspirin 17 (53%) 29 (67%) NS. 
Nitrates 32 (100%) 43 (100%) NS) 
Heparin | 32 (100%) 43 (100%) NSS: 
Calcium antagonists 7 (22%) 5 (22%) NS. 
B blockers 1 (3%) 2 (5%) NS 

Peak CK (IU/iter) 1,526 + 1,365 3,556 + 2,302 <0.001 

Time to peak CK (hours) 1424 1347 NS 






AMI = acute myocardial infarction; CAD = coronary artery disease: CK = creatine 
kinase; NS = not significant; SK =. streptokinase; Systemic hypertension = ae 
tolic > 180, diastolic > 90 rim He; Time = time from chest pain. = 































onset of symptoms. Baseline ventricular end-diastolic: 
pressure was measured in all patients. Left ventricular 
ejection fraction was calculated by the area-length 
method on all angiograms.!° A >50% luminal narrow- 
ing of the left main artery, left anterior descending ar- 
tery, circumflex artery, right coronary artery was con- — 
sidered to represent coronary artery disease. Multiple — 
sites of significant disease in the same coronary artery _ 
or its main branches were judged. to represent |-vessel 
involvement. Significant disease of the left main artery — 
was assumed to be 2-vessel disease. Information from 
the electrocardiogram during admission, the wall mo- 
tion abnormalities of the left ventriculogram during an- 
giography and the coronary anatomy was taken to de=: 
termine which was the infarct-related artery. Patency 
of the infarct-related artery was determined using 

Thrombolysis in Myocardial Infarction trial (TIMI). 
grade classification.!! A patent infarct artery was de- _ 
fined as showing TIMI grade 2 or 3 anterograde flow. 
An artery showing TIMI grade 0 or 1 was taken to | 
represent an occluded artery. Two experienced angiog- 
raphers independently interpreted the results of the an- 
giograms. 

Statistical analysis: Al] continuous data are ex- - 
pressed as mean +1 standard deviation. Chi-square 
and Fisher’s exact test were used for discrete prop 
tions and Student’s z test for continuous data. A p va 















a ‘Groups | 













Q-Wave 
(n = 43) 


39 (91%) 


Non- Q-Wave 
{n = 32) 


27 (84%) 


p Value 









































4.38 +2.16 568+ 3.21 NS 
12.85 + 5.80 19.53+7.10 <0.001 
60 +8 49+14 <0,001 
85% 74% NS 
| 1.44+1.01 1.72+0.94 NS 
o: ‘of coronarwerteries nar- 
‘rowed > ST% 
ao 5 (19%) 3 (8%) NS 
10 (37%) 12 (31%) NS 
7 (26%) 14 (36%) NS 
5 (19%) 10 (27%) NS 









nosis: IRA = irtarct-related artery; LVED = left ventricular end-diastolic pressure; 
LVEF = left ventcular ejection fraction; NS = not significant; Time = time from 
admission to catharization. 





a Q-wave in‘arction. The clinical information of the pa- 
-tients is listed in Table I. There were no differences in 
age, gender. previous myocardial infarction and major 
cardiac risk “actors between the 2 groups. The dose of 
streptokinase was also similar and the time from onset 
of chest pair to streptokinase infusion in both groups 
-was not sta‘stically different and averaged <3 hours. 
` Both groups also received similar concomitant therapy 
-= with aspirin nitrates, heparin, calcium antagonists and 

-B blockers. The group with Q-wave infarction had a 
significantly higher increase in creatine kinase (p 
<0.001). However, the time from onset of chest pain to 
peaking of «reatine kinase was comparable in the 2 
groups. 

Angiographic findings (Table li): Twenty-seven of 
32 patients in the non-Q-wave group and 39 of 43 pa- 
_ tients in the Q-wave group were studied with angiogra- 

- phy. The time from admission to angiography in both 
groups was similar. Patients with non-Q-wave infarc- 
- tion had sigificantly lower left ventricular end-diastolic 
pressure (1745 vs 2047 mm Hg, p <0.001) and 
-higher left ventricular ejection fraction (60 + 8 vs 49 + 


‘wave group was higher (85%) than in the Q-wave 
group. (72%, but did not achieve statistical significance 
(p = 0.44). 30th groups also showed no difference in 
the number of vessels affected by significant coronary 
artery disease or in the distribution of 1-, 2 or 3-vessel 











jographic data (Table IHi): When the 





: TABLE m Admission Electrocar liograpnic 












CAD = coronarvartery disease; Extent = number of vessels with > 50% diameter | 


301) than those with a Q-wave infarction. 
The patency of the infarct-related artery in the non-Q- 


. 2-v ave and the | Pe groups were ol ge | 





Groups : 


Q-Wave _ 
(n = 43) 


6.58 + 3.16 0,17 


Non-Q-Wave 
(n = 32) 


| Maximal ST elevation (mm) 5.54 + 2.3 


Patients with ST elevation ; 
<2 mm 1 (3%) 3 (7%) NS 
>2 mm 31 (97%) 40 (93%) NS 


15.65 + 7.77 21.21 + 12.36 0.05 
4.88 +1.68 5.63 + 1.81 


ST elevation score (mm) 
No. of leads with ST eleva- 
tion 


NS = not significant. 


p Value ga 























TO -: 


group and 3 in the Q-wave group had ST-segment ele- A e 
vation <2 mm on admission. The Q-wave group had a 
greater ST elevation score than the non-Q-wave group a 


(15.65 + 7.77 vs 21.21 + 12.36 mm, p = 0.05). 


DISCUSSION 


Our study reports the outcome of patients present- 


ing to the hospital with chest pain and ST-segment ele- 
vation who were treated with intravenous streptokinase 
and did not subsequently develop Q-wave myocardial 
infarction. Since the benefits of thrombolytic therapy in 
patients with acute myocardial infarction given early 
after chest pain are now well accepted, all such patients 
with chest pain and ST-segment elevation will be given 
a thrombolytic agent if there are no contraindications. 
There are few studies®*!2-!4 dealing with thrombolytic 
therapy for patients with non-Q-wave infarction and 
they have reported varying forms of benefits such as 
opening of an occluded vessel, decrease in the residual 
stenosis and dissolution of an intracoronary thrombus. 
A previous study* has shown that in patients who pre- 


sent initially with chest pain and ST-segment elevation, . 


up to 37% will spontaneously develop non-Q-wave in- 





farction and the rest will go on to develop Q-wave 
myocardial infarction even without receiving any > 


thrombolytic therapy. In the present study, when pa- 


tients presenting with chest pain and anterior ST-seg- . : 


ment elevation were treated with intravenous streptoki- 


nase, 43% developed non-Q-wave myocardial infarc- 
tion. Dewood et al!> showed that in contrast to a _ 


Q-wave infarction, total coronary occlusion of the- wo 


farct-related vessel is seen infrequently in the early — 
hours of non-Q-wave myocardial infarction. In their. — 
study, 58% of patients with a non-Q-wave myocardial gals 
infarction who were studied with angiography. between. 


72 hours and | week after symptoms 


had a patent in 
farct vessel. This hias ae este oe odin tt 














Is oer’ ‘eft weer pe ae pres- 
ind igher left ventricular ejection fraction. Sever- 
tudies comparing non-Q and Q-wave infarctions 
have shown. this to be true.2!6!7 However, none of 
these studies used thrombolytic therapy. 
ctrocardiographic evolution of acute myocardial 
| tior after thrombolytic therapy: ST-segment ele- 
: vation occurs within a few seconds of complete occlu- 
- ion of a coronary artery. During the next 6 to 8 hours, 
` R waves are lost or their amplitude reduced and patho- 
logic Q waves develop.'8!9 Many studies have shown 
that a significant increase in R-wave amplitude and the 
reduction in the number of pathologic Q waves after 
reperfusion means salvage of jeopardized myocardium, 
and use of thrombolytic therapy has supported this con- 
--eept.2°-23 Complete nondevelopment of a Q wave can 
therefore be taken to indicate much more salvage of an 
7 infarcting myocardium. Huey et al? showed that ST- 
segment elevation of <2 mm on admission is an inde- 
pendent predictor of a subsequent development of a 
- non-Q-wave infarction. In fact, they showed in their 
a study that only 26% of the patients who had >2 mm of 
~ ST-segment elevation on admission developed a non-Q- 
wave infarction. Almost all of the patients in the 
_.» present study had >2 mm of ST-segment elevation at 
” admission and would be expected to go on to develop 
~~ Q-wave infarction. However, 44% of these patients de- 
~ veloped non-Q-wave infarction, but when compared 
with the number of patients who developed a Q-wave 
infarction, this may not achieve statistical significance. 
~ In view of what would have been expected by natural 
- history, this supports the fact that early thrombolytic 
therapy did prevent many of these patients from devel- 
- -oping a Q-wave infarction. 
a . Clinical implications: Our data have shown that de- 
LAE e the fact that spontaneous natural thrombolysis 
-would be expected to abort a Q-wave infarction in some 
a _ patients presenting with ST elevation and chest pain, 
‘streptokinase treatment improves the number of such 
aborted Q-wave infarcts. Additionally, the patency 
of the infarct-related vessel in such patients is 



























receiving streptokinase than seen in — 
$ pporting th the fact, that t throm- pecs 





sola e ee an 7 additional benefit 
patients. The results of higher patency rates o 
farct artery and better preserved left ventricular 
tion in non-Q-wave myocardial infarction ha 
shown in our study only in a very specific sub: 
patients who present with chest pain and ST-se 
elevation in the anterior leads on the ECG. Whe 
these results would also apply to patients who have in 
rior ST-segment elevation needs further ‘study. 
study supports the caution practiced by Huey et al 
distribute patients with non-Q-wave infarction eq 
between treatment and control groups in future 
domized thrombolytic trials; interpretation of left 
tricular function and creatine kinase levels are clea 
different in this subset who go on to develop non-< -Q 
wave infarction. a 
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> immediate and delayed effects of urokinase 


and heparin on minimal cross-sectional area of a 
_ patent ischemia-producing coronary artery were 
prospectively investigated in 43 patients with 
unstable angina. After baseline angiography, pa- 
tients were randomized to 3 different treatment 
=~ groups: group | — urokinase (1,000,000 U in- 
-ravenous bolus dose), followed by heparin infu- 
_ sion 3 hours later; group Il ——- heparin (10,000 
-=< U intravenous bolus, followed by continuous in- 
- fusion); and group Ill — conventional therapy 
- — only (intravenous nitroglycerin, 8 blockers and 
calcium antagonists). Angiography was repeated 
at 1 hour and at 8 days of treatment and mini- 
~~ mal cross-sectional area was determined in the 
35 patients who completed the study. In group I, 
_ minimal cross-sectional area increased from 
 . 0,84 + 0.48 mm? at baseline to 0.94 + 0.49 
mm? at 1 hour (p <0.05), and to 1.00 + 0.51 
mm? at 8 days (p <0.01 vs baseline). In group Il, 
a significant increase in minimal cross-sectional 
area was observed only at the 8-day angiogra- 
phy (0.64 + 0.39 mm? at baseline; 0.67 + 0.37 
_. mm? at 1 hour [p = not significant]; and 
kbe 0.79 + 0.48 mm? at 8 days [p <0.01] vs base- 
line). In group lll, no significant changes in mini- 
mal cross-sectional area occurred either at 1 
hour or at 8 days. Thus, both urokinase and hep- 
arin improved lesion geometry in patients with 
unstable angina, although a large individual vari- 
ation was noticed. The effect occurred earlier 
with urokinase than with heparin. 
(Am J Cardiol 1991;68:451—456) 
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" eparin and aspirin, as well as thrombo 
H agents, have been administered for unstable - 

. angina based on the importance of thrombus © 
formation in the development of this syndrome. 7 Al- 
though administration of heparin or aspirin, or both, 
has been found to reduce the rate of progression from 
unstable angina to myocardial infarction or cardiac _ 
death, the efficacy of thrombolytic therapy is still con-. 
troversial.*-!* Results of preliminary investigations with 
intravenous or intracoronary thrombolytic therapy in 
unstable angina suggest that this treatment is accompa- = 
nied by clinical improvement in some patients. Ina 
few of these studies, the effect of thrombolytic therapy 
on the ischemia-producing lesion has been separated _ 
from the potential effects of heparin. Additionally, a 
control population without heparin has not been includ- __ 
ed for comparison.*!?? This investigation separately as- 
sesses and compares the effects of either thrombolytic 
therapy or heparin on cross-sectional area of the isch- — 
emia producing coronary lesion in unstable angina. We 
performed a prospective randomized quantitative angi- 
ographic study in patients presenting with acute symp- 
toms of unstable. angina and without total coronary oc- 
clusion. Data on the immediate and delayed effects of - 
either urokinase or heparin or conventional therapy 
were compared by quantitative analysis of changes in = 
minimal cross-sectional area of the ischemia-related ar- _ 


tery. 


METHODS 

Study group: The study was performed on 52 con- 
secutive patients (43 men, 9 women, mean age 58 + 8 
years) admitted to the coronary intensive care unit at 
the Ospedale Maggiore of Novara, Italy, between Jan- 
uary 1986 and June 1988, with a diagnosis of unstable 
angina. Patients were selected according to the follow- 
ing criteria: (1) new onset (<6 weeks) of recurrent 
chest pain at rest with accompanying electrocardio- 
graphic changes; and (2) recent (<6 weeks) worsening _ 
of ischemic symptoms in patients with previous stable 
angina or remote myocardial infarction (>12 months). : 
For admission to the study, documented transient elec- 








, hor bee : Eer a admission to the soronaty care unit, 
pen were ‘treated with intravenous nitroglycerin, 10 
to 100. ug/hear, to obtain a stepwise reduction in blood 
ure not <xceeding 10% of baseline pressure. If the 
ent still bad recurrent chest pain, calcium antago- 
nists (nifedipine 40 to 80 mg/day) and 8 blockers (to 
- achieve a meximal heart rate not >60 beats/min) were 
“added. 

Exclusior criteria: Patients with normal coronary 
«=i arteries or le main disease, and patients with a contra- 
= indication tc thrombolytic therapy or anticoagulative 
= treatment were excluded. Patients who had been taking 
“aspirin or ar icoagulant drugs in the last 7 days, and 
those in whem it was either impossible to identify the 
-= culprit lesion or the culprit lesion corresponded to a 
-= totally occlu¢ed vessel, were also excluded. 
B Definition-of the culprit coronary artery lesion: The 
-= ischemia-procucing lesion was defined according to the 

criteria of Ambrose et al.” 

Coronary angiography: Coronary arteriography was 

- conventional» performed. Immediately after vascular 
access, hepa~n (5,000 U) was given intraarterially. Ni- 
troglycerin im‘usion (10 to 100 ug /min), initiated in the 
coronary care unit, was continued during the procedure 
to obtain maximal coronary vasodilatation and to pre- 
vent the occurrence of vasospasm. 

Coronary angiograms were obtained in multiple sin- 
gle-plane stemdard and craniocaudal projections utiliz- 
ing nonionic contrast medium (iopamidol, Bracco, Ita- 
ly). For eack left anterior oblique projection, a comple- 
mentary prcsction was obtained in the right anterior 

-c Oblique view. The pairs of orthogonal projections best 

© displaying the culprit lesion were selected as baseline 

angiograms. ^ biplane left ventriculogram was also ob- 
tained in coxtrol conditions. 

Study pretecol: Eligible patients were randomized 
© to 3 treatment groups: group I — urokinase (Serono, 
Italy) 1,000°@00 U intravenous bolus (2 to 4 minutes), 
= and after a tne interval of 3 hours followed by heparin 

infusion for * days at a rate of 800 to 1,000 U/hour to 
maintain a <oagulation time 1.5 to 2.0 times higher 
than contro. value. Nitroglycerin (10 to 100 g/min 

a was also anaie e for 8 days; group 








cium antagonists saa B pectin was also given ato all: 


unit. 


The pairs of angiograms recorded at different times 7 : 
(baseline, 1 hour, 8 days) were performed under the _ 


same x-ray conditions and equipment setting. A radio- 
paque marker was filmed to facilitate identification of 
the pairs of angiograms to be analyzed by an observer, 


unaware of both treatment and angiographic sequence. _ 2 
Mean blood pressure was measured and recorded ` 


before each angiogram and adjusted by regulation of > 
the nitroglycerin infusion rate in order to maintain sim- 
ilar values for each given patient throughout the study. 

Randomization was performed at the time of base- 
line coronary angiography by opening in sequence con- 
secutively numbered. sealed envelopes. A target sample 
size of 60 patients with 20 assigned to each treatment 
group could not be achieved due to ethical concerns in 
continuing the study after the adverse clinical outcome 
observed in several patients in group HI. Administra- 
tion of study medication was not conducted in a blinded 
manner. All patients gave their written informed con- 
sent to the study. 

Qualitative coronary analysis: Coronary lesions 
were morphologically classified according to Ambrose 
et al.’ A consensus of 2 angiographers was necessary 
for the definition of lesion morphology and identifica- 
tion of thrombi. In case of disagreement, a third angio- 
grapher’s opinion was decisive. 

Quantitative coronary analysis: Quantitative analy- 
sis of coronary artery lesions was blindly performed 
at the University of Iowa, Iowa City, Iowa. The com- 
puter-assisted method described by Brown et al was 
used.?4 , 

In the present study, changes in minimal cross-sec- 
tional area were chosen to assess the efficacy of treat- 
ments. Inter- and intraobserver variability for cross-sec-. 
tional area measurements in this study were performed 
on a sample of 50 areas, ranging from 0.11 to 1.72 
mm?, Intraobserver variability was 5.8% and _interob- 
server variability 6.7%. These figures. compare with — 
those obtained in previous studies from the same labo- oe 
ratory.” on 

Statistical analysis: Data are presented as mean + e 


standard deviation. Statistical analysis was performed a 


using a statistical software package. Baseline clinical 
and angiographic characteristics were compared among 

the 3 treatment groups using analysis of variance fo 
continuous a and. exact tests for discrete vari 





patients and continued for 8 days in the coronary care y 




























q ABLE 1 Sonat Characteristics of Patients (n = 43) at Enty 





Group I! 
{in = 13) 


Group Hl 
(n = 18) 





Characteristics 


_ | Age (years) 55+9 
| Male sex (n) 10 10 15 
--| New-onset angina 7 9 10 
Worsening angina 3 2 2 
‘myocardial infarction 2 2 4 
ansient elevation 7 6 9 
5 7 9 


ansient depression 


distribution of minimal cross-sectional area val- 
; and the small sample size in each treatment group. 
: Results were considered sue at p <0.05. 


RESULTS 
__.. Patient characteristics: Of 52 patients considered as 


: : potential candidates to the study, 43 were randomized 


„to either urokinase followed by heparin (group I, n = 
12), heparin alone (group II, n = 13), or conventional 


therapy (group III, n = 18). Angiographic criteria were 


Ae not met in 9 patients who were excluded. Data on age, 


gender, clinical presentation, presence of a previous 


_ myocardial infarction and type of transient electrocar- 
- diographic changes during chest pain for the 43 ran- 
domized patients are listed in Table I. 

_. Angiographic findings: Table II gives information 

-on the incidence of 1-, 2- and 3-vessel disease, the coro- 

-nary artery responsible for the unstable angina, mini- 


<- : mal cross-sectional area of the involved vessel, lesion 


morphology and. presence of intracoronary thrombus. 
‘Twenty-two of 43 patients (51%) had 1-vessel disease; 
the left anterior descending artery was the culprit coro- 
nary vessel in 32 of 43 patients (74%). Lesion morphol- 
ogy was of the concentric type in 14 patients (32%) and 


bof the eccentric type II in 25 patients (58%). Intracoro- 


nary thrombus was evident in 10 patients (23%). 

~ Clinical events: After the first catheterization (base- 

line and 1 hour angiography), 3 patients in group III 

. developed a non-Q-wave myocardial infarction, where- 
as 5 other patients (1 in group II and 4 in group HI) 
were referred for urgent revascularization because of 


-rapidly progressing clinical deterioration. 


Comparability of treatment groups: Comparison of 
19 patient characteristics at random assignment among 


the 43 patients enrolled in the study showed no signifi- 
-cant intergroup differences at study entry (Tables I and 


IL). Minimal cross-sectional area of the ischemia-pro- 


ae i ducing lesion at baseline was not significantly different 


i i ‘among the 3 treatment groups: group I, 0.84 + 0.47 
e! Il, 0. 64 + 0.40 man, and group HI, 0.68 










Culprit lesion in this group ranged from 0.16 to 1.73 | 





TABLE "u * Anglographié Findings of Patients n : 
into Study : 
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(m= 12) 




















No. of coronary arteries nar- 
rowed > 50% in diameter 
















ischemia-producing vessel 













































Left anterior descending 
artery 10 9 13e 
Circumflex artery . Q 3 ga 
Right coronary artery 2 1 2o 
Lesion morphology E 
Concentric 5 4 5o 
Eccentric | 0 l | ae: 
Eccentric H 6 7 1225 
Multiple ae i 0 i 
Intracoronary thrombus) 1 4 Da 
Mean cross-sectional area ` 0.84 0.66 0.68: 
(mm?) +0.47 + 0.40 + 0.50. 


differences. The 8 patients who could not be assessed at 
the 8-day follow-up because of clinical deterioration 
were indistinguishable in terms of clinical presentation, _ 
coronary angiographic findings and baseline minimal 
cross-sectional area (0.71 + 0.36 mm?) from the 35 pa- 
tients who underwent all phases of the study protocol. 
No changes in minimal cross-sectional area were ob- 
served at 1 hour in these 8 patients (0.69 + 0.42 mm?), 
but this occurred also in other patients in group HI, 
who did not experience such worsening of symptoms. __ 
Study group: Thirty-five patients (43 randomized _ 
minus 8 patients who were subsequently excluded be- 
cause of clinical deterioration) completed the study 
for the comparative evaluation of changes in minimal 
cross-sectional area over time. They were distributed _ 
into the 3 treatment groups as follows: group I (uroki- 
nase followed by heparin), 12 patients; group II (hepa- 
rin alone), 12 patients; and. group HI (conventional. 
therapy), 11 patients. ; 
Immediate and delayed effects of treatments in. 
these 35 patients are seen in Figure 1. Minimal cross- — 
sectional area increased with time in all 3 study groups. ‘ 
However, a significant improvement from baseline was _ 
observed only in groups I and II. & 
GROUP |: Baseline minimal cross-sectional area of the — 


mm?, and averaged 0.8440.47 mm? (mean + 
standard deviation). One hour after administration of 
1,000,000 U of urokinase, minimal cross-sectional area . 
increased significantly (p <0.05) to 0.94 + 0.49 mm? 
(16% relative to baseline). At 8 days, minimal cross- 
sectional area a increased tol 00 +0.51 i ee from 















and 1 of thes: 5 showed a further increase of 20.1 
mm? at 8 devs. One patient had decreased minimal 
cross-sectional area at | hour and no patient had de- 
creased minirzal cross-sectional area from | hour to 8- 
days. 

Between the l|-hour and 8-day angiography, 6 pa- 
tients in grour I became completely asymptomatic and 
none of the patients developed acute myocardial infarc- 
tion. 

GROUP II: Easeline minimal cross-sectional area of the 
culprit lesion in group II varied between 0.16 and 1.79 
mm? (mean value 0.64 + 0.39 mm; p = not significant 
vs group I). One hour after the administration of an 
intravenous bolus of 10,000 U of heparin, minimal 
cross-section! area was 0.67 + 0.37 mm? (6%, p = not 
significant v= baseline). At 8-day follow-up, mini- 
mal cross-sectional area increased to 0.79 + 0.48 mm? 
(27% from baseline, p <0.01). Individual patient analy- 
sis (Figure l+ again showed obvious variability. One 
patient had acreased minimal cross-sectional area of 
>0.1 mm? a- 1 hour, whereas 3 patients had increased 
minimal cross-sectional area 20.1 mm? at 8 days. Four 
patients had 2 slight decrease in minimal cross-sectional 
area at | how and | patient a decreased minimal cross- 
sectional area at 8 days. One patient in this group did 
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Group II 


Seals Sy | TEUS v ; al 


not undergo the 8-day angiography because of need for 
urgent revascularization. Of the 12 patients who com- 
pleted the study, 4 became asymptomatic in the period 
between | hour and 8 days, and 8 patients experienced 
1 to 5 episodes of recurrent ischemic chest pain. 

GROUP Ili: For the 11 patients who completed the 
study, the baseline minimal cross-sectional area of the 
culprit lesion averaged 0.65 + 0.48 mm? (p = not sig- 
nificant vs groups I and II). The l-hour angiography 
showed a minimal cross-sectional area of 0.69 + 0.48 
mm? (6% increase, p = not significant vs baseline val- 
ue). At 8-day follow-up, minimal cross-sectional area 
was 0.71 + 0.58 mm? (7% increase, p = not significant 
vs baseline). 

Individual patient analysis (Figure 1) showed that 
| patient had increased minimal cross-sectional area 
>0.1 mm? at | hour, and 2 patients increased minimal 
cross-sectional area 20.1 mm? at 8 days. Three pa- 
tients had a decrease in minimal cross-sectional area at 
| hour, whereas 6 had a decrease in minimal cross- 
sectional area at 8 days. 

Four patients in this group became asymptomatic in 
the period between the l-hour and the 8-day study, 5 
patients had 1 to 5 episodes of ischemic chest pain and 
2 patients had >5 episodes of refractory angina. 


Group Ill 


*KK=)D< 0.01 





FIGURE 1. Average and individual results of the study (error not represented). In group |, urokinase increased minimal cross- 
sectional increased minimal 


area noth at 1 hour and 8 days. In group li, heparin 


cross-sectional area only at 8 days, 


significantly 
whereas in grup Ill conventional therapy failed to induce any significant change either at 1 hour or at 8 days. 
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- were unchanged at | hour in all 43 patients, and at 8 
days in the 35 patients who completed the study. A 
distal filling defect present in 1 patient in group I was 
_ lysed at | hour; filling defects in patients in groups H 
-and HI were still noted at 1 hour and 8 days. Two 
patients in group II, however, had improvement in cor- 
w at 8 days. 
ations: No serious complications or side ef- 
ed during the study. No hypotension, aller- 
tion, serious bleeding or arrhythmias requiring 
herapy were observed after the intravenous bolus of 
ro okinase: was administered. 














n DISCUSSION | 
<0 -Jn this prospective randomized study, urokinase ad- 
"ministered during the acute phase of unstable angina as 
t~ a single intravenous bolus produced a statistically sig- 
nificant improvement in minimal cross-sectional area of 
the ischemia-producing coronary artery lesion, detect- 
-able as early as 1 hour after administration. Heparin 
also significantly improved minimal cross-sectional lu- 
-men area of the involved vessel, but this effect was evi- 
-dent only at the angiography performed 8 days after 
initiation of therapy. However, not all patients showed 
<an angiographic improvement, since some of the pa- 
tients clearly did not respond to therapy. 
. ... The design of this study provided advantageous ex- 
perimental conditions for the detection of a drug effect. 
First, the study population was carefully selected. Only 
patients with new onset (<6 weeks) or worsening angi- 
ona at rest with transient electrocardiographic changes 
< during pain were included. Second, patients random- 
` ized to the 3 treatment regimens were well balanced in 
„all baseline study variables. Third, angiography was 
“~~ performed during the acute phase of unstable angina 
(within 24 hours from the last episode of chest pain). 
<- Fourth, baseline, 1-hour and 8-day angiography were 
~~ obtained under identical conditions of maximal coro- 
-= nary vasodilatation using intravenous nitroglycerin un- 
=- der arterial pressure monitoring. High quality angio- 
grams were recorded while paying careful attention to 
-film acquisition and processing. Fifth, a 1-hour angiog- 
< raphy was scheduled in order to assess the lesion’s mini- 
mal cross-sectional area at the time of peak effect of 
-the thrombolytic agent. 
A limitation of the study was the small sample size, 
= owing to both the difficulty in recruiting of patients 
with the aforementioned characteristics and some ethi- 
~~ eal concerns related to the adverse clinical outcome ob- 
served i in oe paun nognog to standard medical 








it sive data: «Deland seals findings -recombinant tissue-type plasminogen 
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aspirin, or heparin and aspirin alone can re 
verity of coronary stenosis 24 to 48° hours 
ment. However, due to some differences in 
design, our results add additional informatio 
the immediate and delayed effects of the teste d 
In the Williams study, a true placebo group ` 
any antiplatelet or anticoagulation therapy w 
present. Also repeat angiography after drug trea 
was performed between 12 and 48 hours afte : 
ment and not systemically, as in our study, ; 
hour. This may have blunted the possible diff 
between the heparin plus aspirin group, (defined 
“placebo group” by the investigators), and the grou 
receiving recombinant tissue-type plasminogen | activ: 
tor. Similarly to the study findings of Williams et al,22 
the improvement of minimal cross-sectional area ol 
served in our patients after treatment was mild. How- 
ever, in patients treated with urokinase, the predomi- 
nant effect occurred at 1 hour after administration, 
whereas with heparin most of the effect occurred at 8- 
days of therapy. This is likely related to the thrombolyt- 
ic effect of urokinase, with dissolution of a small 
amount of intracoronary thrombus in group I com- _ 
pared with the antithrombotic effect of heparin coupled 
with endogenous fibrinolysis in group II. E 
Thus, our results seems to indicate that thrombolyt-- 
ic therapy works more quickly than heparin alone. _ 
However, because the study groups were small, it is 
impossible to know if inclusion of more patients would 
have altered these findings, The administration of uro- 
kinase in the dose tested led to fewer ischemic events _ 
than other types of therapy, but this was not designated 
as an end point of our study. Large randomized trials 
are required to reach definite conclusions as to the role 
of thrombolysis in unstable angina pectoris. 





REFERENCES n 
1. Vetrovek GW, Cowley MJ, Overton M, Richardson DW. Tinaas ce 
thrombus in syndromes of unstable myocardial ischemia. Am Heart J 1981; y 
102:1202-1208. 

2. Levin DC, Fallon JT. Significance. of the angiographic morphology of localized 
coronary stenoses: histopathologic correlations. Circulation 1982;66:316~-320. ` 
3. Capone G, Wolf NM, Meyer B, Meister SG. Frequency of intracoronary 
filling defects by angiography in angina pectoris at rest. Am J Cardiol 
1985-56:403-406. 

4. Bresnahan DR, Davis JL, Holmes DR Jr, Smith HC. Angiographic occurrence 
and clinical correlates of intraluminal coronary artery thrombus: role of unstable 
angina. J Am Coll Cardiol 1985;6:699-708. 
5. Falk E. Unstable angina with fatal outcome: dynamic coronary thrombosis _ 
leading to infarction or sudden death. Circulation 1985;71:285-289. l 
6. Davies MJ, Thomas AC, Knapman PA, Haugartner JR. Intramyocardial 
platelet aggregation in patients with unstable angina suffering sudden ischemic E 
cardiac death. Circulation 1986;73:418~-427. 































ui H, McCans J, Ladi, l, Joly P, Ley G, Pelletier E, Juneau 
ae Pelletier GB, Rinzler D, Waters DD. Aea T 













si | yeto af unstable ischemia: angiographic and clinical results. Am 


tissue-type plasmisegen activator in patients with unstable angina pectoris. Circu- 
lation 1987;75:1 192-1199, 





. unstable 
`. 1156-1165. 


lowed by heparin compared with heparin alone for refractory unstable angina ear 


sin le Gw Leinbach RC, Gold HK, Cowley MJ. Intracoronary thrombo- 


le S D A ae blinded, placebo-controlled trial of recombinant human | 


17. Ambrose JA, ~tjemdahl- -Monsen C, Borrico S, Sherman W, Cohen M, Gorlin 






























angina ‘and ig. wave ine 


18. De Zwaan C, Bar FW, Janien JMA, De Swart HB, ‘Vermeer F, : Wellens HJ 
Effects of thrombolitic therapy in unstable angina: clinical and angiographi 
results, J Am Coll Cardiol 1988;12:301-309. ees 
19. Topol EJ, Nicklas JM, Kander NH, Walton JA, Ellis SG, Gorman L, Pitt B. i 
Coronary revascularization after intravenous tissue plasminogen activator for ~ 
unstable angina pectoris: results of a randomized, double-blind, placebo-con- 
trolled trial. Am J Cardiol 1988;62:368-371. 

20. Gotoh K, Minamino T, Katoh O, Hamano Y, Kukui S, Mori M, Kusuoka H, #6 
Mishima M, Inoue M, Karnada T. The role of intracoronary thrombus in unstable: k 
angina: angiographic assessment and thrombolytic therapy during ongoing angi- 
nal attacks. Circulation 1988;77:526-534. re 
21. Williams DO, Topol EJ, Califf RM, Roberts R, Mancini GBI, Joelson JM, 
Ellis SG; Kleiman NS, Intravenous recombinant tissue-type plasminogen activas 
tor in patients with unstable angina pectoris. Circulation 1990;82:376-383. 
22. Paolo Barberis, Stefano De Servi, Antonio Mussini, Alberto Rolla, Luigi - 
Visani, Giuseppe Specchia. Recombinant tissue-type plasminogen activator fol-: 











pectoris. Am J Cardiol 1990;66:910-914. a 
23. Ambrose JA, Winters SL; Stern A, Eng A, Teichholz LE, Gorlin R, Fuster y. = 

Angiographic morphology and the pathogenesis of unstable angina: pectoris. J Am : 
Coll Cardiol 1985;5:609-616. | i 
24. Brown G; Bolson E; Frimer M, Dodge. HT. Quantitative coronary iea 
phy. Estimation of dimensions, hemodynamic resistance and atheroma mass of ae 
coronary artery lesions using the Annam and digital computation. Circula- - 
tion 1977;55:329-337. i 





< 25. Harrison DG, White: cw, Hiratzka LF, Doty DB, Barites DH, Eastham CL, a 


Marcus ML. The value of lesion cross-sectional area determined by quantitative . a 
coronary angiography in assessing the physiologic significance of proximal left = 
anterior descending coronary arterial stenoses. Circulation 1984;69:11 11-1119. 








wenty-Four-Hour Activity of Felodip 
~ Extended Release in Chronic Stable 
Angina Pectoris 


= Gino Santoro, MD, Stefano Savonitto, MD, Vito Di Bello, MD, 
Daniele Alberti, MD, and Costantino Giusti, MD 





ratios of action of the dihydropyridine calcium 
ee antagonist felodipine, 15 patients with stable ex- 
ertional angina were enrolled in a double- 
<- < Crossover study comparing 2 doses (5 and 10. 

_ mg) of felodipine extended release (ER) and pla- 
t- cebo given once daily for 1 week. Bicycle exer- 
gise tests were repeated at the end of each treat- 

ay ment period 4 and 24 hours after dosing. Four 
<=; hours after dosing with both felodipine doses, 
ae only 5 patients discontinued the exercise test be- 
_ cause of >2 mm of ST-segment depression, 
- -whereas 10 continued until exhaustion (p <0.01 
: vs placebo). Compared with placebo, total exer- 
-eise time was increased by 19% (p <0.001), 
with no difference between doses. After 24 
hours, exercise duration was prolonged up to 
__ physical exhaustion in 6 patients taking felodi- 
pine 10 mg (p <0.05 vs both placebo and felodi- 
pine 5 mg); moreover, 11 patients taking 10 mg 
and 5 taking 5 mg increased time to 1 mm of ST 
depression 215% compared with exercise time 
during the placebo test. Mean time to 1 mm of 
ST depression at 24 hours was increased by 8% 
by with 5 mg and by 18% with 10 mg (p <0.001 vs 

- placebo; p <0.01 between doses). Total exercise 

_ time at 24 hours was increased with both doses 

(p <0.001), with greater efficacy with the 10-mg 
<c odose (p <0.05 vs 5 mg). This increased exercise 
tolerance may be attributed to a reduced after- 

-foad and increased myocardial oxygen supply: 

systolic blood pressure at rest was reduced 

(p <0.005 vs placebo), and rate-pressure prod- 

uct at 1 mm of ST depression was increased 

(p <0.02 vs placebo). In conclusion, a once-daily 
. administration of felodipine ER provides antiis- 
<> chemic activity for 24 hours; the 5- and 10-mg 
- doses are equally effective 4 hours after dosing, 
_ Whereas the 10-mg dose is more efficacious at 
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24 hours. Because no differences in tolerability 
were observed, the 10-mg dose should be pre- 
ferred for the once-daily treatment of chronic 
stable angina. : — 
(Am J Cardiol 19568487 


cium antagonist that reduces myogenic tone in c 

the resistance vessels of both systemic and coro- _ 
nary circulation.'@ Pharmacodynamic studies in pa- 
tients with coronary artery disease have shown that fe- 
lodipine reduces coronary resistance and increases coro- 
nary blood flow,*-> with no evidence of coronary steal; 
an additional antiischemic effect may result from the 
reduction in left ventricular afterload caused by its va- 
sodilating effect on systemic circulation." The antiis- 
chemic activity of felodipine has been demonstrated by 
using various provocative tests, such as pacing,*® exer- 
cise® and hyperventilation.® Clinical. studies using the — 
plain formulation of felodipine have shown an increased _ 
exercise tolerance and reduced electrocardiographic 
ischemia after both acute!®-!? and repeated!3!4 admin- 
istration; the antiischemic efficacy of that formulation 
was shown to last for 12 hours, allowing twice-daily __ 
dosing. Recently, an extended release (ER) formulation 
of felodipine has been developed, with proved 24-hour. 
activity in patients with essential hypertension,'5!® but 
to date, no data have been published on the effect of — 
this particular formulation in chronic stable angina. 
The aim of this study was to assess the antianginal and 
antischemic efficacy and tolerability of once-daily 
doses of felodipine ER 5 and 10 mg, compared with 
placebo, after 1-week administration to patients with 
stable, exercise-induced angina. 


F elodipine is a vasoselective dihydropyridine cal- . 

















METHODS 3 

Patients: Fifteen patients (10 men and 5 women), - 
aged 53 to 65 years (mean 61 years), with stable angi- — 
na were enrolled in the study and no patient was with- 


ecember 31, 1990; revised. moneam t received was 23-413 San 
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zonists alone [n = 
om dain of anginal attacks, whereas angina 

othe T 7atients was well controlled by antianginal 
ications ec by a limitation of physical activity. In all 
, , angina was rapidly relieved by rest or sublin- 
nitroglyoerin. None of the patients complained of 













wi class E or IV A N pees r atrioven- 
tricular or bendle branch block, supine blood pressure 
>160/100 nan Hg, valvular heart disease or heart fail- 
ure. Womex of child-bearing potential and patients 
with anemia _red cell count <3,500,000/ml), clinically 
relevant abnermalities of liver or kidney function or any 
serious concernitant illness were also excluded. 
Study design: After being gradually withdrawn 
_ from any previous antianginal treatment, patients were 
given placebe for 1 week. Reproducibility of the exer- 
= cise test was tested on the fourth and seventh day of 
this period; “he tests were considered reproducible if 
time to 1 mm of ST-segment depression did not vary 
< >15% between the 2 tests.!’ Eligible patients were then 
enrolled in 2 randomized, double-blind, crossover study 
< comparing falodipine ER 5 mg, felodipine ER 10 mg, 
~ and placebo zach given once daily for 7 days according 
to a 3 X 3 Etin-square design. On the seventh day of 
each study period, patients were admitted to the hospi- 
tal for 24 hears during which they performed 2 further 
exercise tests. the first on the seventh day at 12 noon, 4 
hours after ast drug intake, and the second on the 
eighth day a 8 a.M., 24 hours after drug administra- 
tion. At each visit, patients were interrogated about 
: their symptems and were requested to return their un- 
used study medications in order to check compliance 
with the thezapeutic regimen. During the entire study, 
no other cardiovascular drugs were allowed. The study 
was conduczzd in accordance with the declarations of 
Helsinki and Tokyo. 
Exercise tests: All exercise tests were maximal, 
symptom-limited, and performed on a bicycle accord- 
ing to the maltistage method, starting with a load of 25 
Ww that was ncreased by 25 W every 2 minutes. Blood 
(aff sphygmomanometer) and heart rate 
o were measured at rest, at 





1)). Eight l throughout ‘both the test ‘and the recovery phase. 


sons for stopping the exercise test were the onset of 
typical anginal pain of moderate severity, ST-segment... 
depression 20.2 mV (2 mm), physical exhaustion, life- 
threatening arrhythmias or the failure of systolic blood 
pressure to increase at 2 consecutive steps. All exercise 
tests were performed by the same investigator, and the 
electrocardiograms were read manually. 

Diary cards: At cach visit, patients were given diary ` 
cards on which they had to record any anginal attacks 
and the number of nitroglycerin tablets consumed. 

Statistical analysis: Statistical analysis was per- 
formed using the Statistical Analysis System (SAS), 
version 6.03. Efficacy analysis was performed by means- 
of analysis of variance for a latin-square design, fol- 
lowed by orthogonal comparisons (felodipine 5 mg + = 
felodipine 10 mg vs placebo; felodipine 5 mg vs felodi- —~ 
pine 10 mg) when the F test had a p value <0.05. The 
reasons for stopping exercise were compared by using 
the binomial test. The data are presented as mean 
+ standard deviation. 












































RESULTS 
Blood pressure and heart rate at rest (Table 1): 
Four hours after dosing, both felodipine doses reduced 
mean systolic blood pressure (p <0.002), while mean ` : 

diastolic blood pressure remained unchanged. Mean 
heart rate increased by 7 beats/min with 5 mg and by 
11 beats/min with 10 mg of felodipine ER (p <0.01). 
There was no significant difference between doses for 
any of the measurements. Twenty-four hours after dos-. 
ing, no differences were observed between. felodipine: 
and placebo. E 
Exercise tolerance and henodynénites at ischemic 
threshold: Four hours after drug administration, all 15. ™ 
patients developed =1-mm ST depression during the 
placebo test; however, only 9 patients did so with 5 mg = 
and 5 with 10 mg of felodipine. Therefore, statistical. 
analysis on the variables measured at the ischemic 
threshold 4 hours after drug administration was not _ 
performed. Twenty-four hours after dosing, 13 patients =- 
developed. 21 mm of ST depression. during all 3 exer-- 
cise tests; the remaining 2 patients developed 1 mm of 
ST depression during the placebo and 5-mg tests but 
not during the 10-mg test (where the time to l-mm ST 
change was considered equal to. the total exercise time). 
Felodipine 5 mg prolonged mean. time to ischemia by : 
28 seconds (+8%) and felodipine 10 mg by 68 seconds - 
(+18%) (p <0.001 vs placebo; p <0.01. felodipine 10: vs 
5 me). _Bate-premre product at ischemia was | in- 
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heart pi Pi= placebo; RPP ‘pr ure produ; SBP = — blood d pressure; SD- z = standard deviation. 
















Reason for S«apping Exercise Test 









ST-segment pression = 2 mm (no. of pts.) 
Chest pain + 3T-segment depression > 2 mm (no. of pts.) 3 
Physical exhaustion (no. of pts.) —- 


tolic blood ressure remained unchanged. Individual 
changes in tame to 1 mm of ST-segment depression 24 
hours after cosing are shown in Figure 1, where it can 
be observed “hat during treatment with felodipine 10 
mg, 11 of 5 patients had an increase in ischemic 
threshold > 5% of the predefined limit of spontaneous 
variability. “ith felodipine 5 mg, 5 patients also in- 
creased time to | mm-ST depression 215% (and an- 
other 2 patiemts had an increase of 14%), whereas in 2 
patients time to ischemia was significantly less than 
that recorded while taking placebo. Moreover, in 13 pa- 
tients, a dose-response relation was observed, 10 mg be- 
ing more effective than 5 mg. 

Exercise :olerance and hemodynamics at maximal 
exercise: Far hours after dosing, both felodipine doses 
were equally effective in increasing mean total exercise 
time by app~ximately 80 seconds (+19%, p <0.001 vs 
placebo) and rate-pressure product by 14% (p <0.002). 
Twenty-four hours after dosing, both doses of felodi- 
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pine were more effective than placebo in increasing ex- 
ercise time (p <0.001). However, the 10-mg dose was 
more effective than the 5-mg dose (p <0.05), prolong- 
ing exercise time by 12% (vs 8%). Rate-pressure prod- 
uct did not change significantly. 

Reasons for stopping exercise (Table Il): At the end 
of the placebo period, the exercise test was discontinued 
for all 15 patients because of ST-segment depression 
>2 mm. Four hours after the administration of both 
doses of felodipine, only 5 patients discontinued exercise 
because of electrocardiographic signs of ischemia, while 
the remaining 10 patients continued up to physical ex- 
haustion (p <0.01 vs placebo). After 24 hours, only the 
10-mg dose could prolong exercise duration up to phys- 
ical exhaustion in 6 patients (p <0.05 both vs placebo 
and vs felodipine 5 mg). 

Anginal attacks and nitroglycerin consumption: 
Only 2 patients reported anginal attacks during the 
study: | patient had 4 anginal attacks while taking pla- 
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na. | attack while taking felodipine 5 mg, and con- 
umed 1 nitroglycerin tablet. In both cases, the attacks 
were of mild to moderate severity. 
a Tolerability: All patients completed the study with- 
out reporting severe adverse effects. Only 1 patient, 
_ while receiving treatment with felodipine 10 mg, re- 
- ported headache of moderate severity that lasted for 3 
days and subsided spontaneously without requiring 
tment € iscontinuation. 










SSION 
The principal result of this P in patients with 
-ehronic stable angina is that the once-daily administra- 
<- tion of felodipine ER provides antiischemic activity for 
-` 24 hours. In fact, 24 hours after dosing, both time to | 

mm of ST depression and total exercise time were sig- 
> nificantly increased by felodipine compared with place- 
bo; moreover, 11 of 15 patients had an increase in time 
to 1 mm of ST-segment depression equal to or more 
than the limit of casual variability."” 
Comparison of the effects of felodipine and placebo 
on time to angina was not possible, since only a small 

- amount of patients developed angina during the exer- 

cise test; this may have been due to the rather conserva- 
-= five criterion adopted in our center of stopping exercise 

_ at. 2-mm ST-segment depression, when many patients 
~ still-don’t. complain of chest pain. However, of the 3 
iS _ patients stopping the exercise test for angina and ST- 
_ segment depression during placebo, only 1 reported an- 
< gina 24 hours after taking felodipine 10 mg. A previous 

‘study using 3-mm ST depression as an exercise inter- 
ruption criterion, and a different exercise protocol, 
showed a significant prolongation of time to angina 
__ lasting for 210 hours after a single administration of 
© both 5 and 10 mg of plain felodipine.!! In our study, 
the 5- and 10-mg doses showed a similar efficacy 4 
`- hours after administration, whereas the higher dose was 
‘more effective after 24 hours. Individual data also 

_ showed a dose-dependent increase in time to 1 mm of 
ST-segment depression 24 hours after felodipine. This 
-<+ dose-dependence of the duration of the antiischemic ef- 
- fect of felodipine has been previously shown in studies 
< comparing the 5- and 10-mg dosages of the plain for- 

`- mulation,!!-!2 which had similar efficacy at the time of 
<. presumed peak drug plasma concentration but where 

-the higher dose was more effective at the trough. Stud- 
= des in hypertensive patients have shown a clear dose- 
_ - plasma concentration-effect relation of felodipine in re- 
| ducing. blood pressure,!® and a longer duration of action 
1 e ER versus the a formulation of EA 15 











` disease. Eur Heart J 1983; :4:699-705. `- 
ie 4 Emanuelsson H; AE Holmberg S, hier nome F. Eiles of felod 


and numat. , nitroglycerin tablets; 1 had : an ape 







seems to be justified by the fact that, as in 
bases,'* no differences in tolerability betwee 
and 10-mg doses of felodipine ER were observec 
However, because all of the effects of both dos 
felodipine ER were more marked at 4 than at 24 
some patients might take greater advantage fre 
twice-daily dosing. i 
The mechanism of felodipine’ S antiischem c 

has been attributed to a reduction in coronary : 
as in systemic vascular resistance,*-? whereas a red 
tion in cardiac inotropic state and preload have b 
excluded.!?20 Our data support this hypothesis, ‘Sing 
both doses of felodipine reduced blood pressure at rest 
and increased rate-pressure product at the ischemic 
threshold and at maximal exercise. This information is 
in agreement with previous studies with the plain for- 
mulation of felodipine,!? as. well as with other dihydro- 

pyridine calcium antagonists.?!22 In normotensive sub- 
jects, the main mechanism responsible for the increased _ 
exercise tolerance induced by felodipine appears to be 
an increased myocardial oxygen supply due to the inhi- 
bition of coronary vasomotor tone?” at the site of the — 
stenosis or in the collateral circulation.” This hypothesis 
is further supported by our observation of an increased 
rate-pressure product at the ischemic threshold 24° 
hours after dosing, while resting blood pressure was no’ 
longer different from that when the patients were tak- 
ing placebo. In addition, Ardissino et al3 showed great- — 
er efficacy of felodipine and nifedipine in patients with — 
exercise-induced angina and a positive response to pro- _ 
vocative tests of coronary spasm than in those with a __ 
negative response. Finally, the present study was con- 
ducted in patients with fixed-threshold angina, a sub- 
group of the entire population of patients with angina in 
which coronary vasomotion is considered to play a less = 
important pathogenetic role than in patients with vari- 
able threshold or angina at rest.24 The observation of 
the clinical efficacy of felodipine in this subgroup of 
patients may also have implications for the investigation 
of the pathogenetic mechanism of effort angina. 
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minal coronary angioplasty (PTCA). in 32 pa- 
tients without known aspirin intake for 10 days 
before PTCA, therapy with ridogrel (300-mg in- 
‘travenous bolus) was begun just before PTCA 
and continued orally at a dose of 300 mg twice 
daily until discharge. Heparin was administered 
asa 10,000 IU bolus dose before PTCA and fol- 
_ lowed by an intravenous infusion at a rate of 
1,000 IU/hour for 24 hours. Bleeding problems 
at the arterial entry site occurred in 13 patients, 
_ which required a blood transfusion in only 2 pa- 
tients. One patient underwent emergency bypass 
surgery without specific problems of hemostasis. 
-- Ridogrel virtually eliminated thromboxane B2 
. from the serum (29,990 + 6,555 pg/0.1 mi be- 
`- fore vs 63 + 7 pg/0.1 mi at 2 hours after rido- 
- grel), with a concomitant increase in serum 6- 
`: keto-prostaglandin Fio (511 + 34 pg/0.1 mi be- 
fore vs 1,190 + 146 pg/0.1 mi at 24 hours after 
ridogrel). There were no acute reocclusions in 
the ridogrel-treated patients, whereas acute 
reocclusions occurred in 5.6% of the patients 
l taking the standard aspirin + heparin regimen 
during the same period. Furthermore, at 6- 
month clinical follow-up patients treated with 
ridogrel compared favorably with those receiving 
standard treatment. : 
(Am J Cardiol 1991;68:463-—466) 
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| arly acute reocclusion, observed in 2 to | 1 
{ patients the first 24 hours after an initial 
ad cessful percutaneous. transluminal coronary 
giop lasty (PTCA), remains a major problem. ba 
triggering mechanism is incompletely understood and : 
probably variable.*-8 Endothelial denudation, together 
with platelet activation and adhesion, is a major stimu- 
lant to thrombus formation? and the development of 
local spasm,'°!! Because actual antiplatelet therapy ob- 
viously offers no complete solution to the problem, a- 


egy could be beneficial. Therefore, ridogrel (R68060), 
a combined thromboxane B, synthetase inhibitor 
and thromboxane-prostaglandin endoperoxide receptor — 
blocker, was compared with salicylate therapy in an _ 
open-pilot study in patients undergoing PTCA. The | 
aim was threefold: assessment of the safety of ridogrel a 
in combination with heparin, monitoring of prostanoids 
and ridogrel concentrations, and collecting observation- 
al data on the effect of ridogrel on acute and chronic 
restenosis rate. | 


METHODS. a 

Patients: Of 352 patients referred for PTCA at our - 
institution between March 20, 1989, and July 24, 1989, 
32 were included in this study. Patients were eligible if - 
they reported. no intake of antiplatelet drugs for =10 
days before the study and if no contraindications for 
this therapy were present. Patients gave informed coni 
sent and the study protocol was approved by the ethical = 
committee of our institution: 

Study methods: PTCA was. performed from the 
brachial (n = 17) or femoral (n = 15) approach using 


istered as a slow intravenous injection of 300 mg just 
before the start of the PTCA procedure. Twelve hours - 
later, oral treatment was begun at a dose of 300 mg - 
twice daily until hospital discharge. Heparin was given . 
at the start of the procedure as a 10,000-IU intraarteri- 
al bolus dose followed by an intravenous infusion for 24- 
hours at a rate of 1,000 IU /hour with otherwise un: 
changed concomitant medication. At discharge, rido: 
in hand eer i moan : 
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Patients Without Bieeding Complications 


i spit or an Early a acute coronary | 


sisted of a routine clinical examination 6 months after 


cation at the site of the brachial arteriotomy and re 
ceived 2 U of packed red cells. The other developed ; 





dene ofa acute eine or ote occurring at any | 
before hospital discharge. Lesions were classified ac 
cording to the recently modified American Heart Asso 
ciation classification.!? Late clinical follow-up data con- 






PTCA, including a maximal bicycle stress test. Patients 
were specifically questioned for their anginal status and 
interim events (repeat PTCA, bypass surgery). ce 

Blood samples for plasma levels of ridogrel, serum 
thromboxane B, and 6-keto-prostaglandin Fia were ob- Ey 
tained before, and at 2, 4, 8, 12 and 24 hours after the 
intravenous administration of ridogrel, and then daily : Me 
just before the next oral drug intake. Plasma levels of = 
ridogrel were determined using a high-performance liq- a 
uid chromatography method and serum prostanoids — 
by radioimmunoassay.'* All values were expressed as 
mean + standard deviation. | 








RESULTS E E 

Patients: PTCA was aenal deferred in | pa- | 
tient because. no significant lesion. could be identified 
during control coronary angiography. In another pa- 
tient, the PTCA procedure was complicated by an ex- 
tensive coronary dissection treated by successful emer- 
gency bypass surgery (Table I). 

PTCA was a primary success in the remaining , 30 
patients and none of them had early acute reocclusion. 

Bleeding complications: In most patients, ridogrel 
was well tolerated. Minor bleeding complications were 
noted in 1} patients (34%). In 5 patients, prolonged =~ 
bleeding at the brachial arteriotomy entry site occurred, 
which was managed by manual compression and, in 2 __ 
patients, by reduction of the heparin dosage. One of 
them had an inadvertent tongue bite during PTCA  ¥ 





with a local hematoma, resolving over the next 3 days. 


In 5 patients, a hematoma developed at the femoral 
entry site, all resolving spontaneously. One patient. had : 
a hematoma on his left thigh after a brachial proce- 
dure. Major bleeding complications requiring blood 
transfusion were present in 2 patients (6%). One of 
them needed a surgical revision for an arterial compli a 








large inguinal hematoma after a femoral procedure; 2 
U of packed red cells were transfused and the hemato- 
ma resolved spontaneously. In the patient undergo- 
ing emergency coronary bypass surgery, the increased 
dice mee was A managed by: the ; a 
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Fı„ levels (open symbols) before and af- 


6-keto-prostaglandin 
in patients with a thromboxane Bz pre-treatment level of <10,000 pg/0.1 mi (A.) and >10,000 


pg/0.1 mi (B.). Values are mean + standard error of the mean. Significancy versus pretreatment values was tested by a Wil- 


coxon test. *p <0.05; * *p <0.01; ***p <0.001. 


dency toward hypotension (n = 3); all adverse effects 
were of minor clinical importance. 

Serum prostanoids: Serum levels of prostanoids 
(thromboxane B; and 6-keto-prostaglandin F),,) are de- 
picted in Figure 1. Although no patient reported any 
aspirin or other antiplatelet drug intake for 210 days 
before the study, in nearly one-third of the patients 
(n = 10) a baseline serum thromboxane B- of <10,000 
pg/0.1 ml was observed, suggesting a hidden nonsteroi- 
dal antiinflammatory drug consumption.'> Figure 1A 
depicts the serum prostanoids of patients with a throm- 
boxane Bz pretreatment level of £10,000 pg/0.1 ml, 
and Figure 1B those with a level of >10,000 pg/0.1 ml. 
In both groups, ridogrel resulted in an immediate and 
significant inhibition of serum thromboxane Bz forma- 
tion: thromboxane B» levels decreased from 6,579 + 
623 to 73 + 12 pg/0.1 ml (p <0.01) at 2 hours after 
drug administration in those with serum thrombox- 
ane B, <10,000 pg/0.1 ml at baseline, and from 
29,990 + 6,555 to 63 + 7 pg/0.1 ml (p <0.001) in pa- 
tients with pretreatment levels of >10,000 pg/0.1 ml 
(p <0.01). Serum 6-keto-prostaglandin Fia increased 
from a pretreatment value of 232 + 24 to 678+79 
pg/0.1 ml (p <0.01) at 2 hours after intravenous rido- 
grel administration in patients with hidden nonsteroidal 
antiinflammatory drug intake, whereas an increase 
from 511 + 34 to 711 + 44 pg/0.1 ml at 2 hours and 
1,190 + 146 pg/0.1 ml at 24 hours (both p <0.01) was 
observed in the other group. 

Plasma concentrations of ridogrel: Plasma concen- 
trations of ridogrel at 2, 4, 8 and 12 hours after intrave- 
nous injection of a 300-mg bolus dose were 8.80 + 
2.74, 4.56 + 1.78, 2.00 + 0.76 and 1.13 + 0.52 ug/ml, 


respectively (Figure 2). Plasma concentrations of rido- 
grel just before the third (24 hours after PTCA) and 
fifth (48 hours after PTCA) 300-mg dose were 2.13 + 
0.83 and 2.47 + 0.93 ug/ml, respectively. 

Follow-up results: All patients with primary suc- 
cessful PTCA (n = 30) were eligible for 6-month clini- 
cal follow-up. Of these, 24 (80%) patients were com- 
pletely asymptomatic with a negative maximal bicycle 
stress test result, whereas 6 patients had recurrence of 
angina pectoris. Repeat coronary angiography was per- 
formed in all 6 (20%) and restenosis at the dilatation 
site was documented in 3, all treated with elective sur- 
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FIGURE 2. Plasma levels of ridogre! determined by high-per- 
formance liquid at various times after its ad- 
ministration. Values are represented as the mean + standard 
error of the mean. n = the number of patients studied at the 
indicated time point. 


THROMBOXANE SYNTHETASE INHIBITOR IN PTCA 465 












































i observed i in 2 aa 1 natlentr no sient steno- 
-sis was presene. 





DISCUSSION 

Safety: Ir this study, ridogrel was administered in 
6 mbination with intravenous heparin to patients in 
om a breach in the normally intact arterial system 
present _yrachial arteriotomy or femoral arterial 
neture witf an 8Fr introducer sheath). Because 
eding comglications are known to occur in this set- 
ing even witk “standard” antiplatelet therapy, a safety 
tudy with regard to untoward bleeding events ap- 
ared mandatory. In 14 (44%) of our study patients, 
leeding events were noted, and almost all were related 











patients) hac complications of minor clinical impor- 
tance; only 2 catients needed a blood transfusion. In the 
patient who saderwent emergency bypass surgery, the 
< increased bleading tendency was overcome with the 
conventional amount of packed red cells and fresh fro- 
zen plasma. 

Thus, sho~-term ridogrel therapy in the PTCA set- 
_. ting is reasonably safe. However, meticulous care of the 
iS arterial entry <ite during and after PTCA is mandatory 
in order to prevent some of the local complications. 
CO Antiplatelat activity: The present study confirms 
=> that ridogrel 5 a potent, long-lasting and selective in- 
hibitor of thromboxane B, synthetase. Regardless of 
the pretreatment value of serum thromboxane By,!> 
ridogrel resulted in a decrease in serum thromboxane 
B, levels, and an increase in serum 6-keto-prostaglan- 
din Fia. Thus..even in the situation of low pretreatment 
= thromboxane 3; levels (residual platelet activity? newly 
<= formed platekts?), ridogrel is effective therapy. 

The significant increase in serum 6-keto-prostaglan- 
din Fia level (redirection of the cyclic endoperoxide 
- metabolism) “may represent an additional benefit, since 
experimental evidence suggests a role for antiaggrega- 
tory and vasceilatory prostaglandins acting at the inju- 
ty site.? Becaise no platelet aggregation studies were 





about the potency of ridogrel as a thromboxane-prosta- 
glandin endoæroxide receptor blocker. 

Early and late restenosis: In ridogrel-treated pa- 
: ients, acute xeocclusion did not occur. For comparison, 
















patients who anderwent a PTCA procedure in the same 
ime period ir our laboratory. However, data have to be 
considered as: Po since this — was not de- 








to the. arterial entry site. However, most of them (11. 
: REFERENCES 


11. Berk. BC, Alexander RW, Brock TA, Gimbrone MA, Webb RC. Faan: ee ae 
performed in this study, no judgment can be made 


18 (5.6%) eazy acute reocclusions were present in 320. 





of 1,500 i O eroups al 750) to demiodsteate a 
50% reduction in this incidence with a power of- 
80% and p <0.05. At long-term follow-up, 24 patients — 
(80%) had sustained clinical success. This observational 
clinical restenosis rate compares favorably with patients 
given standard treatment in the same time period. 
Moreover, the complexity of the lesions that were treat- 
ed in the study drug group was comparable to those in 
the patients given standard treatment. These facts, to- 
gether with the safety data, suggest that further study 
of ridogrel in the setting of PTCA is justified. 
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To determine if 1orphology of proce 
: ated dissections could help predict ci clinical out- 
come, angiograms of 691 coronary artery dis- 
sections resulting from percutaneous translumin- 
al coronary angioplasty were categorized 
V according to the National Heart, Lung, and Blood 
Institute classification system. Classes of dissec- 
tion: were then correlated with clinical outcome: 
-543 patients with type B dissections had no in- 
crease in morbidity and mortality when com- 
pared with patients without dissection, with a 
similar success rate of 93.7%. Complications in 
this group were low and compared favorably 
-with complication rates in procedures not associ- 
ated with dissection. One hundred forty-eight 
ne es associated with dissections of types 
oe -C to F had a significant increase in in-hospital 
aS _ complications, including acute closure (31%), 
need for emergency coronary bypass surgery 
(37%), myocardial infarction (13%) and repeat 
< angioplasty (24%). The overall clinical success 
rate for those with types C to F dissection was 
38%. The differences in clinical success and 
acute complications between type B and types C 
to F dissections were statistically significant at 
-p <0.0005 for all variables studied. The angio- 
graphic morphology of a dissection during coro- 
-nary angioplasty can predict clinical outcome, 
sido in selection of effective therapy. 
(Am J Cardiol 1991;68:467-471) 
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rom its initiation in peripheral arteries, ‘per cu 
neous transluminal angioplasty has been ass 
ated with intimal tears and dissections.: In 
coronary circulation, angioplasty-related dissection con- 
fers a significant risk for major complications.* Th 
original National Heart, Lung, and Blood Institut 
Registry of percutaneous transluminal coronary angio 
plasty found a dissection rate of 9.2%; the major com- 
plication rate in that group was 31%.* Despite advances 
in knowledge and technology of the procedure, more 
recent registry data found a similar incidence of dissec- 
tion-associated major complications.* However, small _ 
dissections, in the form of intimal tears, are near ubiq- _ 
uitous results of angioplasty, as demonstrated by autop- 
sy, and postmortem’® and animal model studies.” — 
Furthermore, dissection without complication may con- 
fer no greater risk for restenosis at the lesion site then 
nondissected dilations, !0!! n 

Because of its frequency of occurrence and great : 
variation in clinical outcome, we reviewed our cases of 
angioplasty-associated coronary artery dissection in na- 
tive coronary arteries. The angiographic morphology of. 
each dissection was classified according to a previously : 
proposed system.':!3 The different classes of dissection 
were then correlated with outcome, including both in- 
hospital complications and clinical success. 3 





METHODS 

The National Heart, Lung, and Blood Institute | 
classification system for intimal tears, developed by the. 
Coronary Angioplasty Registry, was chosen for classifi- - 
cation of dissection types. The final angiographic result. 
was scored for this study. This system grades intimal 
disruption based on angiographic appearance as types 
A to F. Type A dissections represent radiolucent areas- 
within the coronary lumen during contrast injection, 
with minimal or no persistence of contrast after the dye 
has cleared. This was considered a nonsignificant angi- 
ographic finding after angioplasty and was not included 
in the rues Type B oo are parallel | tract o 









men, with persstence of contrast in the area after clear- 
ance of dye fram the coronary lumen (Figure 2). Type 
D dissections -epresent spiral luminal filling defects, 
frequently wit} extensive contrast staining of the vessel 
(Figure 3). Type E dissections appear as new, persistent 





FIGURE 2. Type dissection. ams of a left anterior 
descending coronary artery in the right anterior oblique pro- 
jection before (fw) and after (middle and bottom) angio- 
plasty. Top, stemesis is seen in the midportion of the vessel; 
middle, stenosis after dilation, during injection of contrast. 
The vessel shove the presence of an extraluminal contrast 
(dye cap); bottom, persistence of extraluminal dye in the area 
of dilation, after injection of contrast. 


. 
è 





FIGURE 1. Type B dissection. Angiograms of 
a left anterior descending coronary artery in 
the left anterior oblique projection before 
(left) and after (right) angioplasty. Left, ste- 
nosis is seen just distal to a large septal per- 
forating branch; right, stenosis has been suc- 
cessfully dilated. Injection of contrast results 
in a parallel tract (double lumen) separated by 
a radiolucent area, without contrast persis- 
tence after injection. 





FIGURE 3. Type D dissection. Angiograms of a right coronary 
artery in the right anterior oblique projection before (left) and 
after (right) angioplasty. Left, stenosis is seen in the proximal 


TABLE I Patient Characteristics (9/1/87—7/17/90) 


Patients with dissection 
Age: mean + SD (yr) 61.9 + 10.8 
Sex 


























Men 465 (67.3) 
Women 226 (32.7) 
Angina class* 
None 88 (12.7) 
II 268 (38.8) 
IV 335 (48.5) 
PTCA coronary artery 
Right 271 (35.7) 
LAD 278 (36.6) 
LC 115 (15.2) 
LOM 45 (5.9) 
Diagonal 26 (3.4) 





Patient dissection type 






Canadian Cardiovascular Society 
LAD = left anterior descending coronary artery; LC = left circumflex coronary artery; 
LOM = left obtuse marginal; PTCA = percutaneous transluminal coronary angioplasty; 
SD = standard deviation 
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iB Ae "N Outcome After Coronary Aa Dissection 


Angiographic Dissection 













B 
(n = 543} 


(%) 





Clinical success 





| 50 : oat O 7 
|- -Emergency CABG 4 (0.7). 6 (9.7) 22 (66.7) 5 —— (278) 22 
| -Abrupt reclosure 17 (3.1) 6 (9.7) 10 (30.3) 7 | (38.9) 24 
u @Qwave MI O (00) 2 (3.2). 8 . (242) -1 5 66) © 3. 
Elective CABG 15 (28) 10 (61) 4 (12.1) 2 QED 1 
Additional PTCA done ” ene as i MOA ~ TE (19.4) 10 (30. 3) 5 27 8 | 









CABG = coronary artery y bypass surgery; Mi = myocardial infarction; PT: CA= = percutaneous a transluminal Coronary j angioplasty. 









































filling defects. Type F dissections represent those that no deaths oaie with. dissection i in any grou 
<- lead to total occlusion of the coronary artery, without cess of the procedure : and individual complications 
- distal anterograde flow. As proposed by the Coronary noted for each of the various subgroups of dissecti 
Angioplasty Registry, types E and F dissection may be The subgroups of dissections were then compare 
< caused by thrombus. _ Statistically significant differences were found between 
a Angioplasty was performed during the study penai ~ type B dissections and all other subtypes. The results in 
<- by means of standard techniques.. Cineoangiographic patients with type B dissections are therefore compared : 
SUH ims of postprocedure coronary angiography were re- with types C to F in Table III. a 
viewed for evidence of dissection. Dissections were then 
categorized using this classification system. Each case DISCUSSION ae 
of dissection was then correlated with the patient’s out- = Intimal disruption, including angiographically ap- 
come, with respect to clinical success and in-hospital parent intimal disruption, occurs in a large percentage - 
-. complications. Technical success was defined as <50% of vessels dilated with angioplasty. Significant disrup- 
residual stenosis after angioplasty, and clinical success _ tion or dissection has been associated with a high com- 
as technical success in dilating the culprit lesion plus plication rate; however, sizeable numbers of patients. 
absence of major complications or anginal pain on have excellent short- and long-term results. Because of 
Bos discharge. -In-hospital complications reviewed included this discrepancy, we reviewed our cases of dissection 
death, acute closure of the dilated vessel, emergency that had been prospectively classified according to a. 
bypass surgery, myocardial infarction, elective bypass proposed schema. Our data suggest that lesions with o 
and repeat angioplasty. Elective bypass was defined as only minimal flow disruption and no persistent staining — 
bypass surgery performed during hospitalization while of the vessel wall or extravasation, will likely remain — 
~ the patient was clinically stable. Repeat angioplasty open and be associated with clinical success. Converse- : 
- was angioplasty of the same lesion during the same hos- _ ly, complex dissections, and those with persistence of 
ae pitaližation: dye outside the lumen, are associated with low success. 
o- Statistical analysis: All data were analyzed using rates and high percentages of in-hospital complications. 
a chi-square analysis and p values were determined based These include acute reclosure, need for further revascu-: 
on comparison between groups. Ap value <0.05 was larization in the form of bypass grafting or repeat angi- 
~~ accepted as statistically significant. Analyses were per- oplasty, and eal myocardial infarction. 
- formed on an IBM computer using. SAS statistical iia, M3 
‘Packages. 





TABLE Iii Clinical Outcome in Coronary Dissection Groups — 
| | C-F 
(n = 148) 





l - RESULTS 
. Significant dissections were noted in 691 of 2,133 
procedures (32.4%) entered into our coronary angio- 
a -plasty data base from November 9, 1987, until July 17, 
1990. Patient characteristics and angioplasty angio- 
g raphic data are in beers L of the 6 691 dissections, 543 










No. (%) No. (%) 


- Clinical success 509 (93.7) 56 (37.8) <0.0005 
Emergency CABG 38 (0.7) 55 (37.2) <0.0005. 
Abrupt reclosure 17 (3.1) 46 (311) < 0.0005. 


p value 




























coronary a D useful becaise the entities 
it distinguish $ are angiographically distinct: a type C 
esion is diffesent from a type D. From the present 
dy. it is alx apparent that clinical outcome and in- 
pital complications differ between type B and types 
o F dissec::ons in a highly predictable fashion. 
Previous studies have defined patient and angio- 
raphic variatles predicting dissection before angio- 
plasty.'4-16 S 
cide which lesions to avoid but are not helpful in guid- 
ing appropriate therapy once dissection has occurred. In 
a recent study. attempting to predict ischemic events af- 
ter dissection, ` findings included statistically significant 

















increases in complications associated with long dissec- 


` tions, diameter stenoses after angioplasty of 225%, vi- 
- deodensitometic cross-sectional areas <2 mm?, and 
presence of ex:raluminal contrast or dye “caps.” The 
problems with -hose criteria include the difficulty in de- 
termining perzent residual stenoses in complex dissec- 
tions,'® and the lack of availability of videodensitometry 





in many laboratories. Furthermore, both criteria involve 
- postprocedura. analyses. Only length of dissection and 


-extraluminal ce cap can be readily assessed in the lab- 


— oratory, and azz available when additional management 
decisions are seeded. The National Heart, Lung, and 


Blood Institute schema is simple and can be applied 
immediately after dissection during the procedure. 
A limitatior of the proposed schema is its failure to 
distinguish becwveen dissection and thrombus. This is 
particularly træ in types E and F dissections. Although 
significant dissection is likely associated with thrombus 
- due to exposuc2 of subintimal elements, periprocedure 
thrombus may be managed differently than dissec- 

tion. 19-20 

| Managemeart of dissection will also be guided by 

< clinical parameters, such as the presence of pain after 
the procedure and hemodynamic instability. In addi- 
tion, noninvaske testing such as evolving electrocardio- 
“graphic changes can also guide further management. 
_ The experienced operator will use all available data and 
“observe all dissections in the laboratory to assure that 
flow and lume size remain stable. | 

~ Dissection will likely always occur during angio- 


lasty; it may te intrinsic to the act of dilating arteries | 
with a balloor $8 Nonsurgical treatment methods for 


lissection are carrently practiced or are in development 
ind clinical triæs; these include prolonged inflation with 
tutoperfusion n al fae OOpa oe de- 





o 16. Meier B, Gruentzig A 
Or x epcenntricity ofe coro 


ach criteria will help interventionalists de-. 


patients with type ; B dissections may not r requi : 
of additional therapies. Early mobilization of . surgica ; 
backup will also be aided by the schema. The National 


Heart, Lung, and Blood Institute classification is thusa = 


useful tool for guiding the management of patients with 
dissection in the catheterization laboratory. 
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‘© ing of the Left Main Coronary Artery by 
Dipyridamole Thallium Scintigraphy 
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Mitsutoshi Yamada, MD, Hiromi Seo, MD, and Toshio Ozawa, MD 


To evaluate the usefulness of dipyridamole thalli- 
um scintigraphy with low-level exercise for the 
identification of left main (LM) coronary artery 
disease (CAD, 466 consecutive patients with 
CAD were stidied. Thirty-eight patients (8%) 
had LM stenasis (diameter narrowing 250%). 
"The LM scintigraphic pattern was present in 9 of 
38 patients with LMCAD and 38 of 428 CAD 
_ patients without LMCAD (24 vs 9%; p <0.005). 
- This pattern was present in 6 of 9 patients with 
_. LIMCAD witheut right CAD and in only 3 of 29 
patients with LM and right CAD (67 vs 10%; 
p = 0.0005). Patients with LMCAD had a higher 
_.. ineidence of premature cessation of low-level ex- 
_.. ercise (53 vs 21%; p <0.0001), chest pain (68 
vs 48%; p <©:02), blood pressure decrease of 
. 220 mm Hg «44 vs 16%; p <0.002) and greater 
_. ST depression (0.17 + 0.13 vs 0.06 + 0.10 mV; 
p <0.001) during dipyridamole loading than pa- 
tients without LMCAD. Stepwise discriminant 
analysis revealed that the LM scintigraphic pat- 
tern and markers of ischemia during dipyrida- 
< mole loading ‘est identified (p <0.0001) patients 
_ with LMCAD without right CAD (sensitivity 
_. 67%, specificity 91%), but this predictability is 
no better tham the LM scintigraphic pattern 
alone. The co bination of clinical markers of 
ischemia durizg dipyridamole loading and scinti- 
graphic findings of diffuse slow washout, exten- 
sive fixed defects and the LM pattern best identi- 
fied (p <0.00€1) patients with LM and right 
CAD (sensitivity 72%, specificity 80%). These 
results indicate that the LM scintigraphic pattern 
___. is specific anc sensitive for LMCAD without 
right CAD. In L.M and right CAD, the predictabil- 
ity of this finding is low, but the addition of clini- 
_ tal markers of ischemia during dipyridamole 
_. loading facilitates better identification. 
(Am J Cardiol 1991;68:472-—477) 
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ease (CAD) have poor prognosis when treated 

medically, but their prognosis may be improved 
significantly by surgical therapy.'~> Noninvasive identi- 
fication of this particular subset of patients is therefore 
desirable but difficult.®!? Recently, dipyridamole thal- 
lium scintigraphy has been demonstrated to detect _. 
CAD with high diagnostic predictability.!5-!5 The pres- —- 
ent study evaluates the usefulness of scintigraphic and 
clinical markers of ischemia with the use of dipyrida- 
mole loading in identifying patients with LMCAD. 


P= with left main (LM) coronary artery dis- 


METHODS 

Study patients: Four hundred and sixty-seven con- 
secutive patients (364 men and 103 women) with CAD 
were studied. They were aged 28 to 87 years (mean 
61). Two hundred and ninety-nine patients had previ- 
ous myocardial infarction. LMCAD was found in 38 
patients, 3-vessel CAD in 95, 2-vessel CAD in 109 and 
l-vessel CAD in 224; 1 patient was excluded from the 
study because he developed acute myocardial infarction 
after dipyridamole loading. No patient after coronary 
artery bypass grafting was included. 

Dipyridamole thallium scintigraphy: Scintigraphic 
study was performed within | week of angiography in 
all cases. Dipyridamole-loading thallium-201 myocardi- 
al scanning was performed =15 hours after the cessa- 
tion of cardioactive medication, according to Gould’s 
method with infusion of 0.568 mg/kg dipyridamole and 
walking in place for 3 minutes.!6!? Three mCi of thalli- 
um-201 chloride was injected during walking, and ac- 
quisition of 3 projection images (anterior, 45° left ante- 
rior oblique, 70° left anterior oblique) was begun with- 
in 5 minutes of injection using a gamma camera 
equipped with a high resolution collimator (Toshiba 
GCA401-5). Systolic blood pressure was measured us- 
ing a mercury sphygmomanometer at rest, at 2 and 4 
minutes after the initiation of dipyridamole injection as 
well as during low-level exercise (walking in place). 
Blood pressure response was defined as hypotensive if 
systolic blood pressure after low-level exercise decreased 
220 mm Hg compared with the initial value. Elec- 
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Scintigraphic images were acquired with 5 minutes of 
preset time and stored in the computer (Toshiba GMS- 
55A) for subsequent analysis. Identical delayed images 
were acquired 3 hours later. Data were analyzed using 
circumferential profile curve after smoothing and back- 
ground subtraction of images.'® The percentage of 
myocardial thallium-201 washout was calculated as de- 
scribed previously.!9 The findings were interpreted by 2 
observers who were unaware of the angiographic re- 
sults, Defects were classified as reversible or fixed ac- 
cording to conventional method.” The assignment of 
myocardial segments to coronary arteries is shown in 
Figure 2.'9 Three scintigraphic findings for severe 
CAD were evaluated: the LM scintigraphic pattern, ex- 
tensive fixed defects and diffuse slow washout.?-!22!-23 
The LM scintigraphic pattern was defined as perfusion 
defects in both the left anterior descending and the cir- 
cumflex coronary arterial areas,?-!* extensive fixed de- 
fects as multiple fixed defects in 22 different areas of 
coronary arteries,?! and diffuse slow washout as wash- 
out abnormality in all myocardial segments that were 
related to the right, left circumflex or left anterior de- 
scending coronary artery.?*?? Disagreements were re- 
solved by discussion. 

Coronary angiography: Coronary cineangiography 
was performed in multiple oblique projections by the 
Judkins or the Sones technique and was interpreted us- 
ing the criteria proposed by the American Heart Asso- 
ciation.24 A significant stenosis in the LM trunk was 
defined as 250% diameter narrowing and in the 3 ma- 
jor coronary arteries as 275%. 

Statistical analysis: Results are expressed as mean 
+ standard deviation. A Student’s ż test was used to 
compare the means of the continuous variables and 
contingency tables were analyzed using a chi-square 
test. Linear discriminant analysis, with stepwise vari- 
able selection with Wilks’ Lambda as the selection and 
optimization criteria, was used to assess the potential 
for correct identification. A Bayes rule with equal prior 
probability was used for the predictions, and results are 
presented as sensitivity and specificity. The statistical 
computations were performed using an SPSS-PC+ 
computer program. 


LAO 45° 
LAO 70° 


LAO 45° 
LAO 70° 


RESULTS 

Clinical features: Patients with LMCAD were older 
(65+6 vs 61 +9 years; p = 0.001) and had a lesser 
incidence of previous myocardial infarction (42 vs 66%; 
p <0.005) than all the remaining CAD patients. 

Scintigraphic findings: The reproducibility of inter- 
pretation of the type and the location of perfusion de- 
fects in different observers was 93%; intraobserver re- 
producibility was 97 and 95%. Patients with LMCAD 
had a higher incidence of the LM scintigraphic pattern 
than all the remaining patients with CAD or patients 
with 1-vessel CAD, whereas the incidence was similar 
between patients with LMCAD and those without 2- 
or 3-vessel CAD (Table I). A typical case with the LM 
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nary arteries. ANT-LAT = anterolateral; ANT-SEPT = antero- 
septal; INF = inferior; INF-POST = segment; 
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TABLE I Sciniigraphic Findings of Severe Coronary Artery Disease 


CAD Without 


LMCAD 


(n = 428) 
38 (9%)* 


9 (24%) 
4 (11) 
26 (68) 


LM scintigraohic pattern 
Extensive fixed defects 
Diffuse slow washout 


54 (13) 


132 (31)t 


1VD 
(n = 224) 


6 (3%)t 
11 (5) 
41 (18)t 


2VD 
(n = 109) 


18 (17%) 
18 (17) 
41 (38)* 


3VD 
(n = 95) 


14 (15%) 
25 (26) 
50 (53)§ 


*p < 0.005; tp <0.0001; tp < 0.05; $p < 0.1 versus left main coronary artery disease. 


CAD = coronary 2=ry disease; LM = left main; VD = vessel disease. 


TABLE Ii Relabon Between Perfusion Defects and Coexistent Coronary Lesion(s) 


Areas of Perfusion Defects 
Coexistent 
Coronary 


Lesion(s) LMSP 


None 

LAD 

LC 

LAD + LC 

Right 

Right + LAD 

Right + LC 

3 vessels 
Total 


OOM NM ND & Ww Ww 


Wwe 


LAD = left anterior wescending; LC = left circumflex coronary artery; LMSP = left main scintigraphic pattern; ND = no defects: Right = right coronary artery. 


scintigraphic pettern was shown in Figure 3. The coex- 
istent right ccsonary lesion had a significant relation 
to the patterr of perfusion defects in patients with 
LMCAD (Tatle II). The LM scintigraphic pattern 
was present in 6 of 9 patients with LMCAD without 
right CAD; this incidence was higher than that in pa- 
tients with LM and right CAD, and 3-, 2- or 1-vessel 
CAD (67 vs 10, 15, 17 or 3%; p = 0.0005, p = 0.0002, 
p = 0.0003 or > <0.0001; respectively) (Tables I and 


Anterior 


| 





45° LAO 





I1). Thus, the LM scintigraphic pattern had a sensitiv- 
ity of 67% (6 of 9) and a specificity of 91% (390 of 
428) for LMCAD without right CAD versus CAD 
without LMCAD, and a sensitivity of 10% (3 of 28) 
and a specificity of 91% for LM and right CAD versus 
CAD without LMCAD. 

Clinical markers of ischemia during dipyridamole 
loading (Table Il): Two hundred and thirty-one pa- 
tients (50%) had chest pain, 182 patients (39%) had 


70° LAO 


150 
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CAD Without 
LMCAD 
in = 428) 


LMCAD 


























“Chan 
BP = 





= exercise; LMCAD = 





blood pressure; CAD = coronary artery disease: © ex. = 


ST depression of 20.1 mV, and 199. patients (43%) © 





“needed aminophylline to reverse the adverse effects of 
dipyridamole. Patients with LMCAD had a higher in- 
cidence of chest pain than those with I-vessel CAD and 

greater ST depression than those with 1- or 2-vessel 

CAD. Three hundred and fifty-seven patients (77%) 

completed low-level exercise, whereas 109 patients 
(23%) could not complete the exercise due to chest 
pain, dyspnea or faintness; the incidence of premature 
cessation of this low-level exercise was higher in pa- 
tients with LMCAD than in the remaining patients 
with CAD. In 357 patients who completed the exercise, 
hypotension induced by dipyridamole was seen more 

a often i in patients with LMCAD than in those with 1-, 
- 2- or 3-vessel CAD, whereas heart rate at rest and after 

the exercise and blood pressure at rest were similar in 

each group. When patients were considered at high risk 
during dipyridamole loading if they could not complete 
low-level exercise or had hypotension, more patients 
with LMCAD had this high-risk parameter than those 

with |-, 2- or 3-vessel CAD (28 of 38 vs 53 of 224, 41 

of 109 or 48 of 95; p <0.0001, p = 0.0001 or p <0.02; 


respectively). 





| ‘Multivariate analysis for identification of left main 
eny artery disease: The following 9 variables 


were considered potential predictors for identifying 


LMCAD and were entered into a stepwise discriminant. 


analysis: age, gender, ‘previous myocardial in- 


farction, chest pain, ST depression and the high-risk 


© parameter during dipyridamole loading, extensive fi ixed 
__.. defects, diffuse slow washout and the LM scintigraphic 
i. _ pattern. Multivariate analysis in 437 patients after ex- 
eluding 29 patients with LM and right CAD revealed 
that the combination of the LM scintigraphic pattern, 
7 previous e ghee infarction, pane iad a 









ABLE m | Clinical Markers of. ischemia and Vital Signs During Dipyridamole Loading 


Completion of ex. 18 (47%) 339 (79%)* 
Chest pain 26 (68) 205 (48)§ 
ST depression (mY) 0.17 + 0.13 0.06 + 0.10* 
(n = 18} (n = 339) 
BP at rest (mm Hg) 139 + 27 137 ż 22 
BP after ex. (mm Hg) 124 £27 — 133 + 22 
Change of BP 0.90 +0.15 0.97 + 0.11 
ension = - 8 (44%) 53 (16%) 
est (beats/min) a 71+ 16— 71 #12 
HR after ex. (beats/min) - 91418 94+ 16 
-o Change of HR o 2804 025 : 1.34 £0.19 
-IRPP (x1,000) LIS 13 + 6§ 


ge of BP = BP after ex./BP at rest; Change of AR = Rie, ex/HR at rest. *p < 0.001, fp < 0.0001; tp <0. Ol: ap <0, Oe versus LMCAD. ~ 
left main coronary artery disease: RPP = rate- Deere: product: VD = vessel disease, 


than the LM scintigraphic pattern alone. The analysis 


E panen with LM: and. en CAD had this scinti- 


2VD 
(n = 109) 


1VD 
(n = 224) 
















196 (88%)t 81 (74%) 62 (65%) 

88 (39)* 57 (52) 60 (63) 
0.03 + 0.05* 0.07 + 0.08* 0.14 + 0.13. 
(n = 196) (n = 81) (n=62) > 

134 + 21 138 £ 21 =- R22 

131 + 22 1364 21 135 +19 
0.98 + 0.10§ 0.99 +.0,13§ 0,95 + Ó} 

25 (13%)* “13 (16%) 15 (24%) 
6941 oa JIE IA 7412 

93415 9S 17 | 95 +15. 
1.36.4 0.19 | i 33 £0.19 1.31 + 0:20: 

ies.” 1323$ n 










































specificity 91%). But this predictability was no bette 


was repeated in 457 patients after excluding 9 patients 
with LMCAD without right CAD. This revealed that 
the combination of ST depression, diffuse slow wash- 
out, the high-risk parameter during dipyridamole load- : 
ing, the LM scintigraphic pattern, extensive fixed de- 
fects and chest pain was most statistically significant 
(p <0.0001) in identifying LM and right CAD (sensi- 
tivity 72%, specificity 80%). The analysis was also re- 
peated using 95 patients with 3-vessel CAD and 29 pa- 
tients with LM and right CAD. This revealed that the _ 
combination of the high-risk parameter during dipyrid- 
amole loading, previous myocardial infarction, diffuse 
slow washout and extensive fixed defects was the best | 
(p = 0.012) predictor for identifying LM and right 
CAD (sensitivity 69%, specificity 61%). a 


DISCUSSION | 

This study demonstrated low sensitivity (24%) and 
high specificity (91%).of the LM scintigraphic pattern. - 
to identify LMCAD in 466 consecutive patients with 
CAD. Previous studies also reported low sensitivity of : 
13 to 14% of this scintigraphic pattern, which was con- 
sidered due to coexistent coronary lesions with more 
critical stenosis than the LM lesion.!%!! Higher sensi- 
tivity of this scintigraphic pattern in the present study. 
may originate from differences in study population but. 
may also be related to dipyridamole loading, which en- 
ables adequate stress in patients who cannot or will not 
exercise properly.?>?6 The analysis of the relation be- 
tween coexistent coronary lesions and pattern of perf. y= 
sion defects revealed that right CAD played an impor- 
tant role; 6 of 9 patients with LMCAD without right 
CAD had the LM scintigraphic pattern and only 3 of 












| nary artery may obliterate the eens 
of defects in ‘in Se area of the left anterior descending or 
_ circumflex arteries, or both. Thus, the LM scintigraph- 
ic pattern was infrequently found in patients with LM 
and right CAD. In contrast, in patients with LMCAD 
thout right CAD, this LM scintigraphic pattern was 
| ingle. and “ae best predictor. 
ece of chest pain and ischemic ST depres- 
on n induced ty dipyridamole was higher in our study 
om ith a previous report on 3,911 patients, in 
teh 19.7% af the patients had chest pain and 7.5% 
had ST deprzssion.2”? However, only 28% of the pa- 
tients had co-onary angiography and dipyridamole 
thallium scintigraphy within a l-year period and there 
was no uniform protocol or standard procedure in the 
previous study. In contrast, in the present study all pa- 
tients underwant both angiographic and scintigraphic 
“studies within a week using the same protocol and all 
had angiograshic CAD. These differences in study 
-population and design may account for a different inci- 
-dence of chest vain and ST depression. The higher inci- 
dence of chest dain and dipyridamole-induced hypoten- 
3 ‘sion and the greater magnitude of ST depression in pa- 
-tients with LMCAD is of interest. Blood pressure 
' decrease durirg exercise testing was reported to occur 
-in 5 to 11% of >atients with CAD, and was regarded as 
< a sign of multiple vessel CAD.?829 Our study demon- 
- strated that dizyridamole-induced hypotension was also 
<- a marker of severe CAD. A higher incidence of hypo- 
© tension during dipyridamole loading, compared with 
exercise testing, may be due to the potent vasodilator 
-effect of dipyridamole. 1517 
When clinical markers of ischemia during dipyrida- 
_ mole loading zad scintigraphic findings of severe CAD 
~~ were used, the identification of patients with LM and 
right CAD wes possible, although the predictability of 
the LM scintigraphic pattern alone was very low. Con- 
sidering the results yielded by the combination of non- 
specific marker: of severe CAD, one might suspect that 
-the statistical power might heavily depend on the low 
incidence of clirical and scintigraphic markers of severe 
CAD in patiesss with 1- or 2-vessel CAD. However, 
he fact that the multivariate analysis could differenti- 
ite LMCAD fm 3-vessel CAD suggests that this was 
t the case. Nygaard et al!! reported successful identi- 
ication of LMCAD with the use of both exercise thal- 
jum scintigra thy and electrocardiographic exercise 
esting. Our study indicates that the analysis of scinti- 
raphic findings together with the assessment of clinical 
f arkers of ischemia during Opyndi male Heading f aali 
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Doppler assessment of left ventricular filling and 
ejection during dipyridamole stress may supple- 
8 ment wall motion analysis for detection of myo- 
_ cardial ischamia and coronary artery disease 
(CAD). Thirty-four patients taking no cardioac- 
tive therapy were studied using intravenous di- 
_ pyridamole (0.6 mg/kg) during 2-dimensional 
and pulsed Soppler echocardiography. Twelve 
_ patients had normal coronary arteries (group 1) 
and the remainder, who had significant CAD, 
-= were divided into groups 2 (n = 11) and 3 (n = 
11). Only subjects in group 2 developed myocar- 
_. dial ischemiz manifest as reversible regional 
- asynergy ard ST-segment depression. Heart rate 
- increased ($6 + 9 beats/min, p <0.01) and mean 
_ blood pressure decreased (—5 + 8 mm Hg, p = 
_ not significant) uniformly across groups. Exag- 
__.gerated hyperkinesia of normally contracting 
-wall segments was the common response to di- 
__ pyridamole imfusion in patients with CAD. The 
:- respective mean percent changes in peak early 
diastolic velecity, peak atrial velocity, their ratio 
_- and ejection peak velocity, and mean accelera- 
tion for groups 1 (20, 42, —13, 20 and 23%), 2 
(22, 32, —2, 10 and 14%) and 3 (23, 33, —6, 16 
and 18%) were similar. Comparisons between 
normal patients and those with CAD and be- 
tween groups 2 and 3 revealed no significant dif- 
... ferences in the effect of dipyridamole on any 
variable. However, a decrease in both peak ve- 
locity and mzan acceleration of left ventricular 
_- ejection was seen in 3 of 4 group 2 patients who 
“developed severe ischemia. Dipyridamole-Dopp- 
_ ler echocard’egraphy is insensitive for detection 
-of CAD and appears unable to identify myocardi- 
al ischemia unless this is severe. Hemodynamic 
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cript received- tients in group 1 had normal corona 


changes and compensatory wall motion induced 
by dipyridamole may explain these findings. g 
(Am J Cardiol 1991;68:478-484) 


oppler interrogation of intracardiac flow is use- = 
D ful in assessing global left ventricular systolic ” 

function’! and gives insight into diastolic func- = 
tion. Measurement of aortic blood flow velocity and 
acceleration has been used to detect exercise-induced 
ischemic left ventricular dysfunction in patients with 
coronary artery disease (CAD), but this approach ap- 
pears limited by tachycardia and patient motion.4 Myo- 
cardial ischemia causes acute impairment in. left ven- 
tricular relaxation and alterations in the mitral inflow 
velocity curve, which appears to occur earlier and to be 
a more sensitive indicator of ischemia than evidence of 
systolic dysfunction.° Intravenous dipyridamole stress is 
an alternative to exercise that has been combined with 
2-dimensional echocardiography,.® but evidence of its 
value in conjunction with Doppler transmitral and 
transaortic flow variables is conflicting.’!! Doppler — 
data could potentially be combined. with wall motion | 
analysis to enhance the use of dipyridamole stress echo- ~ 
cardiography in evaluating patients with CAD. There- 
fore, this prospective study was designed to assess the 
usefulness of dipyridamole-Doppler echocardiography — 
in diagnosing CAD and detecting myocardial ischemia. 


METHODS 

Study patients: Thirty-four patients (mean age + 
standard deviation 56 + 9 years, range 42 to 71; 25 
men and 9 women) complaining of chest pain were 
studied. Patients with severely impaired left ventricular. 
function, left ventricular hypertrophy, syndrome X, val- 
vular heart disease, bronchospasm and bundle branch & 
block or 21 mm of ST-segment deviation from isoelec- 
tric were excluded. All subjects were in sinus rhythm ~ 
and were divided into 3 groups on the basis of coronary 
anatomy and response to dipyridamole (Table: D. a- 



















a positive exercise electrocardiogram, and dipyrida- 
‘mole-induced myocardial ischemia by electrocardio- 
graphic criteria (>1 mm of planar or downsloping ST- 
- segment depression 80 ms after the J point compared 
«< with baseline) and 2-dimensional echocardiographic 
F . criteria (new or worsening regional asynergy).'* Pa- 
= ` tients in group 3 had no evidence of ischemia after di- 
-pyridamole stress. The respective numbers of patients 
with 1-, 2- and 3-vessel disease were 0, 7 and 4 in 
‘group 2, and 3, 4 and 4 in group 3. All patients gave 
informed consent and the study was approved by the 
hospital ethics committee. 
Study protocol: Patients were instructed to avoid tea 
Bot "and. coffee on the day of the test and had discontinued 
<> all cardioactive treatment for 4 half-lives beforehand. 
_ Baseline heart rate and blood pressure were determined 
(Critikon, Dinamap vital signs monitor), and 12-lead 
electrocardiogram, 2-dimensional echocardiogram with 
-color-flow mapping and Doppler study were performed. 
` Pediatric-size chest electrodes were used to maximize 
~~ the window available for echocardiography. Dur- 
< ing continuous electrocardiographic monitoring, intra- 
-venous dipyridamole (0.6 mg/kg) was given over 5 
minutes. Hemodynamics, 12-lead electrocardiography 
and pulsed Doppler interrogation of left ventricular fill- 
ing and ejection were recorded every | to 2 minutes up 
<3 to 30 minutes after dipyridamole infusion. Two-dimen- 
= sional echocardiographic monitoring was continuous 
except during Doppler evaluation. Parasternal long- 
- axis, short-axis and apical 4- and 2-chamber views were 
obtained using a Toshiba SSH-160A scanner and 3.75- 
MHz transducer. All studies were recorded on 12-mm 
VHS videotape for subsequent analysis. An 1 1-segment 
left ventricular model was used for wall motion analy- 
«sis. Echocardiograms were read at baseline and peak 
stress, and each segment was graded as hyperkinetic, 
_ normal, hypokinetic, akinetic or dyskinetic. Electrocar- 
<: diograms and 2-dimensional echocardiograms were in- 
 terpreted by 1 of 2 independent observers without 
> knowledge of the clinical or Doppler findings. 
< Doppler examination and analysis: Pulsed Doppler 




















7 r rdings were obtained from the apical window using 


“a 2.5-MHz transducer and sample volume positioned at 
the mitral leaflet tips and in the left ventricular outflow 
tract during midexpiratory apnea. Transducer angula- 
tion and sample volume location were adjusted to ob- 

~~ tain an optimal signal. Peak early diastolic velocity, 
ae, peak atrial velocity, their ratio, and the peak velocity 
-.. and mean acceleration of ventricular outflow, together 
= with- the corresponding heart rates, were determined at 











bup 2 patients had exertional angina pecto- -TABLE I Baseline Characteristics of Study Grou 


Variability is expressed- as percent coefficient of varia- : 
tion. A p value <0.05 was considered statistically sig- 


RESULTS 


baseline ad mp ischemia « or fae effect 3 to 5 min- 















Group 1  Group2  Group3 
















No. of pts. 12 1] J se 
Age (yr) 54+10 58+8 57+8 NS NS” 


EF (%) 68+7 64211 62+8 NS NS 
LVEDP (mm Hg) 1223 1526 14+6 NS NS 
HR (beats/min) 71415 76210 72411 N$ NS 
MBP (mm Hg) 106 + 9 110413 109+ 14 NS NS 





































EF : ejection action: AR a. pcg aie (VEDP = left ventricular end-di 
pressure tafter a wavel; MBP = -mean blood pressure; NS = not significant. 


beats of a quality v were EE Aminophýili 
was given, when necessary, after complete collection ol 
Doppler data. Baseline variability was determined from 
2 Doppler recordings. taken 5 minutes apart in 20 p 
tients. Interobserver variability was assessed from 40 
pairs of values for each parameter measured. Intraob- 
server variability was determined similarly, without 
knowledge of the first evaluation. 

Cardiac catheterization: All paticnts eevee cor- : 
onary arteriography and left ventriculography. A diam- 
eter reduction 270% in a major epicardial vessel was 
considered significant. Percent ejection fraction, calcu- 
lated by the area-length ellipsoid method,'? was deter- 
mined using the computer-assisted Cardiovascular An- 
giography Analysis System (Pie Data Medical) by _ 
manual tracing of the end-diastolic and end-systolic. 
frames of the left ventriculogram recorded on 35-mm 
cinefilm (Table I). P 

Statistical analysis: Values are summarized as _ 
mean + standard deviation. Paired data were evaluated z 
using the paired + or Wilcoxon test, as appropriate, and- ~ 
group comparisons were done using l-way analysis of 3 
variance with orthogonal contrasts. Correlation coef- 
ficients were calculated to determine the effects of 
changes in hemodynamics on Doppler measurements. 


nificant. 


Baseline findings and data variability: Table I re- 
veals that pretest ejection fraction, left ventricular end- 
diastolic pressure, heart rate and mean blood pressure — 
were not significantly different between groups, 
Regional asynergy on 2-dimensional echocardiography | 
was present in no patient in group 1, 6 in group 2 and 5 — 
in group 3. The total number of segments with abnor- 
nial wan motion was ae in eps 2 and 121 in n group 3. | 













TABLE ll Beeline, Interobserver and Intraobserver Variability 
for the Measaeed Doppler Parameters 


Baseline Interobserver intraobserver 
Variability Variability Variability 
(%) (%) 























Peak early velecity 9 

Peak atrial velocity 10 7 6 
E/A ratio 10 8 6 
Ejection peak #elocity 8 5 5 
Ejection mearrecceleration 10 8 7 


Data are expressed as percent coefficient of variation. 
E/A = peak earyto atrial filling velocity. 


ables were mot significantly different between groups, 
with 2 excepiions. First, the peak early diastolic veloci- 
ty was highe- in group | than in groups 2 and 3 (0.74 
+ 0.15 vs G56 + 0.16 m/s) (p <0.01). Second, the 
peak early > atrial velocity ratio was also higher in 
group | tham in groups 2 and 3 (1.46 + 0.40 vs 1.00 + 
0.28, p <0.04 ). Patients with CAD and regional asyn- 
ergy (n = 1) had similar values for all Doppler pa- 
rameters com pared with those with normal wall motion 


P<0.01 
_—__. are 
Easeline Dipyridamole 
Group 1 


P=NS 
ita ee CE 
Baseline Dipyridamole 
Group 2 


P<0.01 
— 


3aseline Dipyridamole 
Group 1 


P<0.01 
r = = oe 
Baseline Dipyridamole 
Group 2 









(n = 11) (all p = not significant [NS]). Baseline vari- 
ability was greater than interobserver and intraobserver 
variability (Table II). 

Doppler variables and influence of hemodynamics: 
Mean increases in heart rate for the 3 groups were 17 
+ 7,15 + 11 and 16 + 7 beats/min, respectively (all p 
<0.01). For the entire study group, changes in peak 
atrial velocity and peak early to atrial velocity ratio 
during dipyridamole stress correlated significantly with 
change in heart rate; the other 3 Doppler variables were 
not so related. The correlation was strongly positive for 
peak atrial velocity (r = 0.84, p <0.001) and negative 
for peak early to atrial velocity ratio (r = —0.57, p 
<0.001), and was similar for all 3 groups. Tachycardia 
after dipyridamole caused fusion of early and atrial 
waves in 2 patients in group | and | patient in group 2, 
rendering analysis of transmitral flow impossible in 
these patients. Heart rate increased by 20, 22 and 29 
beats/min, respectively, during these studies. The mean 
decreases in mean blood pressure were —6 + 4, —6 + 
14 and —3 + 3 mm Hg in groups |, 2 and 3, respec- 


FIGURE 1. Individual, mean and standard 
deviation data for peak early filling veloci- 
ty (E) measured at baseline and peak 
stress for groups 1, 2 and 3. Significance 
values within and between groups are also 
shown. Three missing data points. NS = 
not significant. 


P<0.05 
=. o> > le 
Baseline Dipyridamole 


Group 3 


ty (A) measured at baseline and peak 
stress for groups 1, 2 and 3. Significance 
values within and between groups are also 
shown. Three missing data points. NS = 
not significant. 
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tively. No significant correlation was found between 
change in any Doppler variable and change in systolic, 
diastolic or mean blood pressure. 

Detection of coronary artery disease: [n group | the 
effect of dipyridamole on peak early velocity (0.74 + 
0.15 to 0.84 + 0.13 m/s, p <0.01), peak atrial velocity 
(0.54 + 0.15 to 0.70 + 0.21 m/s, p <0.01), peak early 
to atrial velocity ratio (1.46 + 0.40 to 1.29 + 0.40, p = 
NS), ejection peak velocity (0.82 + 0.15 to 0.97 + 0.13 
m/s, p <0.001) and mean acceleration (9.62 + 2.17 to 
11.69 + 2.55 m/s’, p <0.01) is shown in Figures 1 to 
5. The changes in patients with CAD (n = 22) were 
0.56 + 0.16 to 0.68 + 0.18 m/s (p < 0.05), 0.58 + 
0.17 to 0.73 + 0.16 m/s (p <0.01), 1.00 + 0.28 to 
0.93 + 0.29 (p = NS), 0.77 + 0.14 to 0.86 + 0.15 
m/s (p <0.05), and 8.82 + 1.59 to 10.21 + 2.30 m/s? 
(p <0.05), respectively (group 1 vs groups 2 and 3, all 
p = NS). The corresponding mean percent changes in 
these Doppler variables in group 1 (20, 42, —13, 20 
and 23%) and groups 2 and 3 (23, 33, —4, 13 and 





FIGURE 3. Individual, mean and standard 
deviation data for peak early to atrial ve- 
locity (E/A) ratio measured at baseline and 


FIGURE 4. Individual, mean and standard 
deviation data for peak velocity of left ven- 
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16%) also did not differ significantly. Ejection peak ve- 
locity and mean acceleration were the most discrimina- 
tory parameters. When an abnormal response was de- 
fined as an absolute decrease in these variables, the sen- 
sitivity and specificity for detection of CAD using peak 
velocity was 18 and 82%, and using mean acceleration 
18 and 100%. Individual patients in all 3 groups 
showed highly variable responses to dipyridamole infu- 
sion (Figures | to 5). 

Detection of myocardial ischemia: Hyperkinetic 
wall motion was the characteristic response to dipyrida- 
mole, and exaggerated hyperkinesia of normal wall seg- 
ments was frequently seen in patients with CAD. Posi- 
tive electrocardiographic changes and new (n = 6) or 
worsening (n = 6) wall motion abnormalities were seen 
in all 11 subjects in group 2. One patient had both new 
and worsening regional asynergy, and another devel- 
oped transient left ventricular cavity dilation associated 
with extensive anterior akinesia. For group 2, changes 
in peak early velocity (0.58 + 0.18 to 0.68 + 0.18 m/ 
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s), peak atral velocity (0.62 + 0.21 to 0.77 + 0.19 
m/s), peak early to atrial velocity ratio (1.00 + 0.34 to 
0.93 + 0.36), ejection peak velocity (0.77 + 0.15 to 
0.85 + 0.20 m/s) and mean acceleration (9.00 + 1.46 
to 10.26 + 2.56 m/s*) are shown in Figures | to 5. 
Equivalent findings in group 3 were 0.55 + 0.16 to 
0.65 + 0.18 m/s, 0.54 + 0.11 to 0.70 + 0.13 m/s, 1.01 
+ 0.21 to 0.93 + 0.19, 0.76 + 0.12 to 0.87 + 0.09 m/s 
and 8.64 + 1.77 to 10.15 + 2.13 m/s?, respectively 
(group 2 vs 3, all p = NS). The corresponding mean 
percent charges in these Doppler variables in groups 2 
(22, 32, —2. 10 and 14%) and 3 (23, 33, —6, 16 and 
18%) also dei not differ significantly. Four group 2 pa- 
tients had new akinesia or dyskinesia involving 22 seg- 
ments associated with 2=2-mm ST-segment depression. 
Although changes in Doppler transmitral flow variables 
in these patients were not dissimilar from the rest, both 
peak velocity and mean acceleration of left ventricular 
ejection decreased in 3 of the 4. 


DISCUSSION 

Some pazients with suspected CAD are unable or 
poorly motivated to undergo an exercise test. Intrave- 
nous dipyridamole can induce myocardial ischemia in 
persons with significant CAD that manifests as tran- 
sient regional asynergy on 2-dimensional echocardiog- 
raphy.'* Ths represents an alternative stress test in 
these patients, but appears to have a sensitivity some- 
what less than dipyridamole perfusion imaging.'> Evi- 
dence that Doppler data might improve sensitivity 
comes from a number of sources. The peak velocity and 
acceleration 3f aortic flow have been found to decrease 
during experimental coronary occlusion in dogs.'® In 
addition, decreases in peak early diastolic velocity and 
peak early to atrial velocity ratio, and compensatory 
increase in peak atrial velocity have been reported dur- 
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ing ischemia induced by balloon inflation during coro- 
nary angioplasty in patients with CAD.5!7 We there- 
fore studied patients with normal coronary arteries 
(group 1) and with CAD, both with (group 2) and 
without (group 3) inducible ischemia, to determine the 
utility of this approach. Subjects with syndrome X were 
excluded because of evidence suggesting they may have 
regional impairment of maximal coronary vasodilator 
reserve in response to dipyridamole.'* No patient in 
group | developed evidence of myocardial ischemia af- 
ter dipyridamole administration. The 3 groups were 
well-matched for age, left ventricular systolic function 
and baseline hemodynamics (Table I), and all were off 
cardioactive therapy. 

Baseline variability, which is highly relevant in stud- 
ies involving serial Doppler data acquisition, was great- 
er than interobserver and intraobserver variability (Ta- 
ble II). This measure incorporates intraobserver vari- 
ability, physiologic variation and technical variation due 
to slightly different sample volume location and align- 
ment with blood-flow direction on serial interrogation.!? 

Intravenous dipyridamole causes systemic vasodila- 
tion and a secondary increase in heart rate, stroke vol- 
ume and cardiac index.” Left ventricular filling pres- 
sure, and peak positive and negative left ventricular 
dP/dt all increase significantly.2°?! Invasive studies 
have shown that both reductions in afterload and eleva- 
tions in preload increase Doppler transaortic flow in- 
dexes?**} and peak early filling velocity.24 The observa- 
tion that peak atrial velocity increases during exercise 
and correlates significantly with heart rate? parallels 
our own observations. Therefore, hemodynamic effects 
probably account for the increases in peak early, peak 
atrial and ejection peak velocities, and mean accelera- 
tion we found in group 1. The peak early to atrial ve- 
locity ratio is clearly influenced by changes in its com- 
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ause of a greater increase in peak atrial 
velocity. | 
pier left ventricular ejection indexes: Studies to 
devérmine whether Doppler interrogation of aortic flow 
can reliably detect reversible perfusion abnormalities on 
__ dipyridamole-thallium scintigraphy are limited by the 
- uncertain relation between perfusion defects, which 
may. only be relative, and myocardial ischemia.’? La- 
ovitz et al’ reported that changes in aortic flow vari- 
ring dipyridamole infusion increased the sensi- 
tivity of 2-dimensional echocardiography in the detec- 
tion of CAD, from 64 to 85%, but did not state 
whether antianginal treatment was discontinued before 
dipyridamole infusion. Beta blockade, in particular, 
considerably alters Doppler ejection dynamics? and 
may have accounted for the failure of aortic peak veloc- 
ity and acceleration to increase after dipyridamole infu- 
sion in this study.’ Harrison et al* noted increases in 
Doppler indexes of aortic flow with exercise in nearly 
all patients despite the presence of myocardial isch- 
-~ emia. Our findings are consistent with this observation. 
The inability of baseline Doppler data to identify pa- 
tients with pretest regional asynergy is consistent with 
no significant differences in the response to dipyrida- 
mole between groups. The decrease in systemic vascu- 
lar resistance?°?73 and exaggerated hyperkinesia of 
normal wall segments, frequently observed in our pa- 
tients with CAD, may explain these disappointing re- 
-< sults.. However, 3 of 4 patients with severe ischemia by 
- echocardiographic and electrocardiographic criteria had 
a decrease in both peak velocity and mean acceleration, 
suggesting a failure of compensatory wall motion in 
these patients. 
Doppler left ventricular filling indexes: Alterations 
in left ventricular chamber stiffness and relaxation have 
‘opposing effects on the pattern of transmitral flow.’ 
Patients with CAD in this study had a reduced peak 
early velocity and peak early to atrial velocity ratio at 
baseline, implying abnormal relaxation.*.2’ This makes 
between group comparisons of changes induced by di- 
pyridamole harder to interpret. Preload,?* afterload, 
heart rate? and age?! all significantly influence this 
flow profile, and early and atrial filling are, in large 
measure, interdependent.?’ In our patients, change in 
heart rate correlated significantly and uniformly across 
groups, with change in both peak atrial velocity and 
peak early to atrial velocity ratio. Furthermore, fusion 
of early and atrial waves with tachycardia confounded 
analysis of transmitral flow in 3 of 34 patients (9%). 
Therefore, left ventricular filling is influenced by a 
complex interplay of multiple factors, and cannot be 
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directly a with diastolic fun unction. n. We found that 





transmitral flow variabl hanged similarly 
groups during dipyridamole stress, suggestin; 
modynamic influences predominated. Eleva ted 
and reduced afterload may well have masked 
pected consequences of myocardial ischemia on 1 
locity profile in group 2.°4 Doppler variables were Si 
ilarly insensitive on subgroup analysis of patient. 
severe ischemia. These findings are consistent 
those of Grayburn et al,’ although other studies 
reached less clear conclusions.!°!! The observation 
individual patients showed highly variable respons 
dipyridamole infusion perhaps reflects the multipl c 
of determinants of Doppler filling dynamics. 
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7 Doppler-derived BEETA of aortic flow were 


-. examined during heavy isometric exercise in 48 
. men with coronary artery disease (CAD) and in 


48 gender- and age-matched healthy controls. 


= The aim was to determine which parameters 


. best separated the groups and to look for a pos- 
.. sible relation between exercise-induced Doppler 
~~. patterns and the extent of CAD. Isometric exer- 
cise was performed with a 2-hand bar dyna- 

mometer, and the subjects were required to per- 


form 50% of maximal voluntary contraction for 
2 minutes. Examination was performed with a 


- pulsed Doppler transducer positioned at the su- 
prasternal notch. Resting peak flow velocity, ac- 
celeration time, stroke volume index and cardiac 
index did not show significant differences be- 


_.. tween the groups. However, mean acceleration 


and stroke work were significantly lower in pa- 

tients with CAD. In this group, exercise peak 

flow velocity decreased from 98 + 13 to 55 + 12 

-o em/s, flow velocity integral from 14 + 3 to 7+ 3 
em, mean acceleration from 11 + 0.9 to 4.7 +1 

m/s/s, and stroke volume index from 41 + 6 to 

23 + 4 mi/m? (p <0.001 for all). Cardiac index 


= : decreased from 2.7 + 0.4 to 2 + 0.2 liters/ 


-min/m? (p <0.05). Acceleration time increased 

from 82 + 6 to 116 + 7 ms. In most of the index- 
es, the directional changes induced by isometric 
exercise were similar in patients with CAD and 
in normal control subjects. The differences com- 
pared with the rest values were significantly 
greater in the CAD group, and especially in pa- 
tients presenting with 3-vessel disease. In con- 
clusion, isometric exercise results in marked 
_ changes in aortic flow patterns both in normal 
subjects and in subjects with CAD. Exercise-in- 


- duced changes in peak flow velocity and mean 
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acceleration were found to o best separate tha o 
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sessing left ventricular function at rest. Its ac- 

curacy in estimating stroke volume and cardi- 
ac output was shown in experimental! and human — 
studies. In addition, this technique can detect exer- _ 
cise-induced changes in aortic flow velocity in normal _ 
subjects*-® and in patients with coronary artery disease _ 
(CAD).’* The cardiovascular responses to isometric 
exercise are characterized by an increase in systolic and ~ 
diastolic blood pressures with modest elevation of heart — 
rate. This type of exercise has been used for evaluating _ 
left ventricular function in both healthy? and — 
sick!® patients. Most exercise Doppler studies used dy- 
namic exercise — either in the supine*® or upright posi- 
tion57:8 — or relatively light isometric exercise.'! Little 
data are available on the influence of heavy isometric _ 
exercise on Doppler-derived indexes of aortic flow. The _ 
present study (1) determines the effects of heavy iso- 
metric exercise on Doppler-derived parameters of aortic 
flow in healthy persons and patients with CAD, (2) — 
determines which parameter best separates the groups, 
and (3) inquires into a possible relation between the — 
exercise-induced Doppler. patterns and the extent of > 
CAD. 


D oppler echocardiography is a useful tool for as- 


METHODS 

Subject group: The study consisted of 2 groups. | 
Group A comprised 48 healthy untrained men, aged 39 
to 54 years (mean + standard deviation 48 + 6), re-.. 
ferred for periodical check-up in the framework of our: 
primary prevention program. They had no history of 
cardiovascular disease and no known risk factors for the — 
development of CAD. All had normal findings on phys- — 
ical examination, standard 12-lead electrocardiogram 





Group A 
Rest 


-3 Heart rate (oxats/min) 
-Systolic blows pressure (mm Hg) 
Diastolic bleed pressure (mm Hg) 
_ Mean, arteria: pressure (mm Hg) 






124 +8 
80 +5 






Values are mear =1 standard deviation, 


4-years (mean 49 + 4) with preserved left ventricular 
ion (ejection fraction >55%) and proven CAD 
mented Ey a myocardial infarction =6 months be- 
re the study. The infarction was diaphragmatic in 13, 
gh lateral w 7, anterior and diaphragmatic in 10 and 
anteroseptal m 18. All patients were in sinus rhythm 
and none had valvular or congenital heart disease, con- 















ae hours before sesting, and subjects were instructed to re- 
frain from eating and drinking coffee or tea 24 hours 
before the examination. 
~~ Exercise protocol: Isometric exercise was performed 
in the supine position using a standard 2-hand bar dy- 
-< namometer. This device is a telescopic bar designed to 
` be stretched simultaneously by both hands, determining 
~~ the force of -ae voluntary isometric contraction in kilo- 
_ grams on a Lear scale. The patients were instructed to 
exert the maximal compressive force on 3 occasions, 
with an interval of 3 minutes’ rest between each. Maxi- 
_.. mal voluntary contraction was defined as the highest of 
the 3 attemets. After 10 minutes, subjects were re- 
quired to perform 50% of their maximal voluntary con- 
traction for 2 minutes. Echo-Doppler examination was 
performed a: rest and at peak of exercise. 

Aortic flew was recorded at held end-expiration. 
The subjects were instructed to avoid the Valsalva ma- 
neuver. Measurements were obtained from frozen im- 
ages; 5 beats were averaged for each examination. Cuff 
< sphygmomasometric blood pressure over the brachial 
_ artery was recorded at rest and before cessation of exer- 
cise. Mean erterial blood pressure was defined as (sys- 
: tolic pressure + diastolic pressure X 2)/3. Heart rate 
-was derived “rom the continuously registered electro- 
cardiogram. 

- Doppler technique and measurements: Examina- 
“tions were performed with a wide angle phased-array 
= Hewlett Packard Sonos 500 imaging system using a 
pulsed Doprier transducer. Doppler studies were per- 
formed from the suprasternal notch, interrogating the 
ascending acrta. The sample volume depth was gradu- 








gestive heart “ailure or unstable anginal syndrome. No. 
-patient smoked. All medications were withdrawn 248. 
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Rest Exercise 





pValue 






150 + 8 
94+8 


131 + 10 
84 +6 


<0.001 
<0.05 










Peak flow velocity, expressed in cm/s, was ‘defi aid 
as the midpoint of the upper portion of the- Doppler 
signal at the time of maximal velocity. Ejection time, 
expressed in ms, was defined from the onset until ‘the. 3 
end of systolic flow; both points were determined by the 
time at which the Doppler signal crossed the O-flow 
line. Acceleration time was defined as the time from 
onset of flow to the peak velocity and expressed in ms. 

From these measurements, the following parameters 
were derived: Ejection time index was calculated. by 
multiplying heart rate by 0.0016, adding the product to 
the measured ejection time!’ and expressing the result 
in ms. Mean acceleration was calculated as peak veloci- 
ty/acceleration time and expressed in m/s/s. The flow . 
velocity integral, expressed in cm, was internally de- 
rived by the system on the basis of planimetric integra- 
tion of the pixels included in the signal envelope. 

Body surface area was determined from a Dubois 
nomogram. Stroke volume index was calculated as 
(flow velocity integral X aortic orifice area)/body sur- 
face area, and expressed in ml/m~*. Stroke work was 
calculated as the product of stroke volume and mean 
arterial pressure, expressed in mW. Cardiac index was 
calculated as (flow velocity integral X aortic. orifice 
area X heart rate)/body surface area, and expressed in 
liters /min /m?. 

Doppler examinations were registered at a speed of 
100 mm/s and taped on a videotape recorder Pana- 
sonic AG-6200; the images were reviewed independent- 
ly by 2 observers who were unaware of subjects’ clinical 
data. | 

Two-dimensional echocardiographic measure- 
ments: With use of a 2.5-MHz phased-array transduc- 
er, parasternal short-axis left ventricular views were ob- 
tained from the third or fourth left intercostal space, 
and an apical 4-chamber view was obtained with the 
transducer in apical. position. 

The examinations were taped and the system was 
configured to produce a quad screen format. The video 
tape was reviewed in order to identify a single high- 
ial - once eT an e oats aa 
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Direct Measurements 


Peak flow velocity (cm/s) 
Ejection time (ms) 
Acceleration time (ms) 


Derived measurements 

Flow velocity integral (cm) 
Ejection time index (ms) 
Mean acceleration (m/s/s) 
Stroke volume index (ml/m?) 
Cardiac index (liters/min/m?) 
Stroke work (mW) 

Values are mean values +1 standard deviation. 


Parentheses indicate intergroup significance: *p < 0.01; tp < 0.05; tp < 0.001. 
NS = not significant. 


pared side by side as a continuous loop at various play- 
back speeds. Left ventricular volumes (V) were deter- 
mined as V = 5/6 AL, where A = short-axis area and 
L = left ventricular length.'* Detailed data on echocar- 
diographic left ventricular volume and ejection fraction 
calculations are given in a previous report from our lab- 
oratory.'° The cross-sectional area of the aortic orifice 
was obtained from a standard parasternal long-axis 
view using the formula z(orifice diameter /2)?. 

Coronary angiography: Coronary angiography us- 
ing a percutaneous transfemoral approach was per- 
formed with multiple views of each vessel in 44 subjects 
in group B (92%). Significant CAD was considered 
present when >75% stenosis of the luminal diameter 
was found in at least 1 major vessel. 

Statistical analysis: Values are expressed as mean 
+ standard deviation. The percent change in Doppler- 
derived parameters of aortic flow during exercise was 
calculated as [(exercise value — rest value)/(rest val- 
ue)] X 100.4 

Rest and exercise data within the groups were com- 
pared using Student’s 2-tailed 7 test for paired observa- 
tions and analysis between groups was conducted using 
the unpaired z test; p <0.05 was considered significant. 


RESULTS 

Heart rate, blood pressure and electrocardiogram: 
Heart rate and blood pressure changes during isometric 
exercise are summarized in Table I. There were no sig- 
nificant intergroup differences at rest and exercise. Ex- 
ercise resulted in a significant increase in heart rate in 
both groups (p <0.01). Systolic, diastolic and mean 
arterial pressure increased significantly (p <0.001, p 
<0.05 and p <0.01, respectively) during exercise in 
both groups and the values returned to rest levels im- 
mediately on cessation of exercise. No patients present- 
ed with angina, and no ST-T changes or rhythm distur- 
bances were documented. 


ae P = 


a Pr ae ae a ee ne 


p (intragroup) 


Exercise Values 


55 + 12* 
299 + 19 
116 = 7t 


7 + 3t 
440 + 33 
4.7 +1t 

23 + 4t 
2.0 + 0.24 
57 + 5t 





Doppler direct measurements: Mean values for 
peak flow velocity, ejection time and acceleration time 
are listed in Table II. Peak flow velocity decreased dur- 
ing isometric exercise by a mean of 26% below rest 
levels in group A and a mean of 43% in group B 
(p <0.001 for both; Figure 1). In both groups, ejection 





FIGURE 1. Peak flow velocity (PVF) in healthy controls (A) 
and patients with coronary artery disease (B) at rest (R) and 
during heavy isometric exercise (E). No significant differences 
were found at rest. At exercise, a significant reduction in peak 
flow velocity is documented in both groups, which was most 
marked in patients with coronary artery disease. The inter- 
group difference during exercise also was significant. NS = not 


ISOMETRIC EXERCISE AND AORTIC FLOW 487 





a 








i 








TABLE IlI Exercise-Induced Changes in Peak Flow Velocity, Mean Acceleration, Left Ventricular Volumes and Ejection Fraction in 
Patients with Coronary Artery Disease 


No. of Cororary 
Arteries Seveely 
Narrowed 


Peak flow velacity (cm/s) 
Mean acceleration (m/s/sc) 
End-systolicwolume (mil) 
End-diastolic volume (ml) 
Ejection fracon (%) 


Exercise 


70 + 5* 
6 + 0.5* 
40 + 6t 
91+9 104 + 9t 
63 +5 58 + 7t 


*p < 0.0001; ¢ < 0.02; tp < 0.05, compared with values at rest. 
Values are mear ~alues + | standard deviation. 


103 +9 
11.3 + 0.8 
33 t7 


time did not vary significantly with exercise. Accelera- 
tion time inc~zased 16% in group A (p <0.05) and 32% 
in group B tp <0.01). No significant differences were 
found in any of the 3 parameters between the groups at 
rest. However, intergroup analysis of the results ob- 
tained on exercise showed a significant difference in 
peak flow velocity (p <0.01) and acceleration time 
(p <0.05) bu: not in ejection time. 

Doppler-derived measurements: Mean values for 
Doppler-derived parameters are listed in Table I. Flow 
velocity integral and mean acceleration decreased dur- 
ing isometric exercise in both groups. In group A the 
mean reducson was 27% for flow velocity integral 
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FIGURE 2. Men acceleration (MA) in healthy controls (A) 
and patients wth coronary artery disease (B) at rest (R) and 
during heavy isemetric exercise (E). During exercise, signifi- 
cant reductions were documented in both groups. Rest and 
exercise values were significantly lower in patients with coro- 
nary artery disense. 





Exercise 


61 + 6” 
5 + 0.5* 
43+7t 
106 + 7t 
58 + 6t 


95+8 
11.1 + 0.8 
34 +8 
89 +7 
64 +6 





(p <0.05 compared with rest value) and 33% for mean 
acceleration (p <0.01); in group B the mean reductions 
were 50 and 57%, respectively (p <0.001 for both). 
Ejection time index increased 10% in group A and 13% 
in group B (p <0.02 for both). Stroke volume index 
decreased 22% in group A (p <0.01) and 46% in group 
B (p <0.001); cardiac index did not vary significantly 
in group A and decreased by 35% in group B (p 
<0.05). Intergroup analysis did not show significant 
differences at rest for ejection time index, flow velocity 
integral, stroke volume index and cardiac output, but 
mean acceleration was significantly lower in group B 
(p <0.05; Figure 2). During exercise, there were no sig- 
nificant differences between the 2 groups in terms of 
ejection time index. However, significantly lower values 
for flow velocity integral, mean acceleration, and stroke 
volume and cardiac indexes (p <0.001 for all) were re- 
corded in group B. 

Rest and exercise stroke work values were lower in 
group B (p <0.05); the values increased with exercise 
in group A (p <0.05) and did not change significantly 
in group B. 

Left ventricular volumes and ejection fraction: At 
rest, there was no significant difference between groups 
A and B in end-systolic (29 + 4 and 33 + 6 ml, respec- 
tively) and end-diastolic (9148 and 89+9 ml, re- 
spectively) volumes. During exercise, end-diastolic vol- 
ume was 94 + 12 ml in group A (p = not significant 
[NS]) and 106 + 6 ml in group B (p <0.02). End-sys- 
tolic volumes changed to 34+ 5 ml in group A (p = 
NS) and to 42 + 4 ml in group B (p <0.02). Ejection 
fraction varied from 68 + 7 to 65 + 8% during exercise 
in group A (p = NS) and from 63 + 6 to 57 + 6% in 
group B (p <0.05). Intergroup comparison showed 
lower values in group B at rest (p <0.05) and during 
exercise (p <0.02). Mean values for the subgroups with 
l-, 2- and 3-vessel disease are listed in Table III: no 
significant differences at rest or exercise were docu- 
mented between the subgroups. 

Analysis of the relation between exercise-induced 
Doppler patterns and coronary angiography: Of the 44 
patients in group B who had undergone coronary angi- 
ography, 1-vessel disease was found in 15, 2-vessel dis- 
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ease in 16, and 3-vessel disease in 13. On the basis of 
the responses to exercise of the Doppler parameters, 3 
patterns of response were noted. A type I response was 
defined as a decrease in peak flow velocity at exercise 
up to 65 cm/s (33%) and a decrease in mean accelera- 
tion up to 5.5 m/s/s (50%). A type II response was a 
decrease either of peak flow velocity to values <65 
cm/s or of mean acceleration to values <5.5 m/s/s. A 
type LII response was a decrease in both peak flow ve- 
locity and mean acceleration to lower values than those 
mentioned before. A type I response was seen in 12 
subjects, all of whom had 1-vessel CAD (sensitivity 
80%). A type II response was noted in 19 patients, 16 
of whom had 2-vessel and 3 1-vessel CAD (sensitivity 
84%). All the 13 patients with a type III response had 
3-vessel disease (sensitivity 100%). The type III re- 
sponse had a specificity of 79% and a positive predictive 
value of 83%. Mean values of velocity and acceleration 
for these subgroups are given in Table III and individu- 
al delta values are depicted in Figures 3 and 4. The 
decreases of peak flow velocity and mean acceleration 
were 31 and 44%, 36 and 45%, 50 and 61%, respective- 
ly, in patients with 1-, 2- and 3-vessel CAD. 

A weaker correspondence was found plotting the 
subgroups with 1-, 2- and 3-vessel disease against flow 
velocity integral, and stroke volume and cardiac index- 


FIGURE 3. Individual peak flow velocity (PVF) reductions 
from rest to heavy isometric exercise in patients with 1-, 2- 
and 3-vessel (v) disease and in healthy control subjects (H). 
Mean delta values were —33 + 5 (p = not significant 

with control values), —35 + 8 (p <0.05) and -48 +5 

(p <0.001), respectively; and —28 + 7 in control subjects. 


es, and no correspondence was found when plotting 
these subgroups against the responses to exercise of the 
remaining Doppler-derived parameters, left ventricular 
volumes or ejection fraction. 

Variability and reproducibility: Rest and exercise 
Doppler images of satisfactory quality were obtained in 
all subjects. The differences between measurements by 
the same observer were 2.2% for ejection time, 3.1% for 
acceleration time and 3.2% for peak flow velocity. The 
differences between observers were 2.5, 2.9 and 3.4%, 
respectively. None of the differences were significant. 
To check the reproducibility, a second examination was 
performed the same day in 24 subjects (13 in group A 
and 11 in group B); no significant differences were de- 
tected for any of the parameters compared with the 
first examination. Correlation coefficient ranged from 
r = 0.939 to r = 0.968. 


DISCUSSION 

The influence of heavy isometric exercise on Dopp- 
ler-derived parameters of aortic flow has not been ex- 
amined. The main finding of the present study is that 
this type of exercise leads to marked changes in aortic 





FIGURE 4. Individual mean acceleration (AMA) reduction 
from rest to heavy isometric exercise in patients with 1-, 2- 
and 3-vessel (v) disease and in healthy control subjects (H). 
Mean delta values were —4.1 + 0.6 (p = not significant com- 
pared with control values), —6.1 + 0.7 and —6.8 + 0.5 

(p <0.001 for both), respectively; and —37 + 0.8 in the control 
subjects. 
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The PEE responses to isometric exercise in our 
patients were in many aspects similar to those seen in 
the control group. Heart rate, systolic, diastolic and 
ean arteria pressure and ejection time index in- 

ased, while ejection time did not change. Stroke vol- 
me indèx decreased in both groups. In group A the 
ardiac index increased as a result of the tachycardia, 
yhereas i in gup B the tachycardia could not compen- 
sate for the <brupt reduction in stroke volume index, 
and the cardiac index decreased. Similar findings were 
recently reported by Keren et al!® in patients with con- 
gestive heart failure while performing isometric exer- 
cise. Stroke work in the control group increased during 




































= cate a shift > a higher contractile state. In contrast, 
stroke work did not change in patients with CAD; this 
~~ could be the sult of a borderline-depressed contractili- 
ty, which wae unmasked by the pressure load imposed 
on the left ventricle during exercise. This loading also 
-Ted to an increase in end-systolic volume and a decrease 
in ejection fraction that were not seen in the control 
subjects. 
-> Pathophysiologic rationale of the method: Early an- 
imal studies, in which cardiac inotropism and blood 
flow dynamics were assessed with an electromagnetic 
~ flowmeter, showed that the acceleration of blood eject- 
zed from the Eft ventricle during early systole was an 
excellent indicator of the contractile state.2° Subsequent 
human studies in which a catheter probe was used for 
evaluation of blood flow in patients with CAD found 
positive correlation between peak acceleration and ejec- 
tion fraction.~ More recent studies using either contin- 
uous or pulsed Doppler echocardiography confirmed 
that measurement of aortic blood velocity and its deriv- 
atives is an eecurate way to assess cardiac output and 
left ventricular function. !-322-26 We chose to measure 
‘mean rather :han maximal acceleration because it is 
more readily and simply determined.!7 
~ Peak flow velocity increases during dynamic exer- 


acute myocardial infarction? and during therapy with 












i. “don i in “healthy subjects are are lower: than those re i 


exercise, as previously reported,!™-}° which would indi- 


ciset5722 ane vasodilatation?” and decreases during | 


B blockade?®; : these eae al correlate mith the oo i 


1985; 199% 722-731. 


by Bryg et al!7; this is probably due to the fact that | ou 
patients were older. However, the trend to reduction in 


the values of both parameters during isometric exercise 8 


was the same. 

Study implications: The mean rest values for veloci- 
ty and acceleration in patients with CAD were not sig- 
nificantly different from those for the control group. 
During exercise, the 2 parameters presented the same 


‘directional changes, complementing each other in sug- 


gesting the extent of CAD. The type IH response was 
characterized by a pronounced reduction in both veloci- 
ty and acceleration —- 50% and about 60%, respective- 
ly — and all patients who presented with this response — 


had 3-vessel disease. Most patients who showed a slight 
or an intermediate reduction had t- and 2-vessel dis- < 


ease, corresponding to type I and type II responses, re- 
spectively. There was no significant difference in terms 
of flow velocity integral, and:stroke volume and cardiac 
indexes between patients with CAD and healthy con- 
trol subjects at rest, but the response to exercise allowed 
for a clear differentiation between groups. However, 
these responses did not discriminate between patients 
with |-, 2- and 3-vessel disease. 

Our study demonstrates that heavy isometric exer- 
cise results in significant reductions in peak flow veloci- 
ty, and mean acceleration and flow velocity integrals in 
both healthy controls and patients with CAD. The ex- 
ercise-induced changes in peak flow velocity and mean 
acceleration best separated normal persons from pa- 
tients with CAD, and the degree of reduction in these 
values was directly related to the extent of CAD. 
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- Usefulness of E) citable Gap and Pattern of 
Resetting i in Atrial Flutter for Determining 
Reentry Circuit Location 





-Paolo Dalla Bella, MD, Giancarlo Marenzi, MD, Claudio Tondo, MD, Daniela Cardinale, MD, 
Francesco Giraldi, MD, Gianfranco Lauri, MD, and Maurizio Guazzi, MD 





: hs Clinical and experimental data show that type I 
atrial flutter is due to a reentry mechanism with 


an excitable gap. To define the location of the re- 


entry circuit of atrial flutter, width of excitable 
gap, poststamulation cycle and pattern of reset 
after premature stimulus were analyzed in 18 
_ patients dur‘ng atrial flutter at multiple atrial 


sites (high, lateral, posterior and septal right 


atrium, and coronary sinus). The pattern of reset 
-was defined as flat or increasing whether the re- 


turn cycle remained unchanged or prolonged 
with increasing prematurity. Shorter values of 
the excitable gap were found at the coronary si- 


< nus (33 + & ms) and high right atrium (30 + 10 


ms) than at <he posterior (43 + 9 ms) or septal 
right atrium (45 + 11 ms). Intermediate values 
(36 + 8 ms} were measured at the lateral right 
atrium. Posistimulation cycle, corrected for atri- 
al flutter cydie length, was shorter in the posteri- 
or (6 + 7 ms and septal right atrium (5 + 7 ms) 
than in the coronary sinus (35 + 9 ms), and the 
high (23 + 10 ms) and lateral right atrium 
(15 + 9 ms}. A flat pattern of resetting occurred 
more frequently at the septal (18 of 18 patients) 
and posteriar right atrium (15 of 18) than at the 
lateral (8 of 18) and high right atrium (2 of 17), 
and was never observed at the coronary sinus. 
Atrial flutter was successfully terminated by 
overdrive atrial pacing in 15 of 18 patients, and 
termination was more easily obtained from the 
septal and posterior right atrium. The relation 
between shartest poststimulation cycle, flat pat- 


_ tern of resetting and widest excitable gap, prob- 
-- ably identifies sites closer to the reentry circuit. 
_ This pattermis consistently observed at the sep- 
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might be useful to improve efficacy in the elec- 
tric termination of atrial flutter and in ablative 


therapy. 
(Am J Cardiol 1991;68:492--497) 


indicate that this arrhythmia is due to a reentry 

mechanism.'-? The most frequent type of atrial 
flutter is due to circus movement in an anatomically 
defined pathway with a gap of full excitability.4 Inter- 
ruption of this circus movement is the goal of many — 
strategies that in recent years have been developed for | 
the treatment of this arrhythmia. Termination of atrial 
flutter is best achieved by overdrive pacing,>~® either 
alone or in combination with class IA antiarrhythmic 
drugs.”"!! Overdrive termination of atrial flutter by 
means of implantable antitachycardia devices has been 
suggested as a suitable alternative to antiarrhythmic 
drug treatment for the long-term management of this 
arrhythmia. t? Surgical division of the reentry circuit in- 


E lectrophysiologic studies of human atrial flutter 


the right atrium has been described to prevent recur- 


rences of atrial flutter,* and the curative effect of trans- 
venous endocardial ablation in recurrent atrial flut- 
ter!3-15 has been demonstrated by several clinical stud- 
ies. Localization of a crucial part of the reentry circuit 
is needed when any of these therapeutic interventions is 
considered. Programmed electrical stimulation during 
atrial flutter has been used to study the response of the 


arrhythmia to a single premature beat. The type of re- 


sponse has been used to define the chamber of origin of | 
the arrhythmia,'® to prove the existence of a gap of full 


excitability,* and to evaluate its size in relation to the 
cycle length of the arrhythmia*!’ and its changes in- 


duced by antiarrhythmic drug administration.'8 The 
purpose of the present study was to investigate whether | 
the type of resetting response to a single extrastimulus, 


the length of poststimulation. cycle and the measure of. a 





excitable “gap ci þe 








cused to. localize sites. with easy 








Study populatios : Eighteen ganent oo age 61 
E eai) with long-lasting type I}? atrial flutter entered 
the study. In all 18 patients, the typical “sawtooth” pat- 
tern with negative F waves in leads H, IH and aVF was 
documented. The mean cycle length was 229 + 24 ms. 
No patient was taking antiarrhythmic drugs or other 
è lioactive medications at the time of the study. 
sdy protocol: Four quadripolar electrode catheters 
electrode distance 0.5 cm) were percutaneously 
sed in the femoral vein and placed at the follow- 
A rial sites: high and medium lateral right atrium 
(the same catheter was used for these 2 sites), inferior 
septum, posterior right atrium and coronary sinus. Si- 
multaneous bipolar recording and pacing could be per- 
formed at each of the aforementioned sites. Single atri- 
© al extrastimuli (pulse duration 2 ms and intensity 10 
». mA) were delivered at each site. The entire atrial flut- 
ter cycle was scanned at 10-ms decrements until local 
refractoriness was encountered. Stimulation was per- 
formed using a Medtronic programmable stimulator 
(model SPO503). Simultaneous recordings of 6 surface 
electrocardiographic leads (1, H, HI, aVR, V; and Ve) 
and bipolar intracavitary electrograms from the stan- 
dard atrial sites were performed on a multichannel Sie- 
mens T16 recorder at a paper speed of 100 mm/s. 

After this procedure was completed at all standard 
sites, overdrive pacing was attempted for termination of 
the arrhythmia. Stimulation at an intensity of 10 mA 
was initiated, starting at 1 of the aforementioned sites 
selected according to a randomized scheme, with a cy- 
cle length 10 ms less than the atrial flutter cycle length 
for | minute. If reversion to sinus rhythm did not occur, 
the pacing cycle was shortened by 10-ms steps and the 
procedure was repeated until sinus rhythm was recov- 
ered or attained a minimum-paced cycle of 150 ms. 
The same procedure was repeated at different atrial 
sites until recovery of sinus rhythm or induction of atri- 
al fibrillation. 

Definitions: In all patients, the following parameters 
were evaluated at each recording site: 

CAPTURE ZONE: This zone was the difference between 
the longest coupling interval causing local capture and 
the shortest extrastimulus causing a resetting response. 

EXCITABLE GAP (RESET ZONE): This reset zone was the 
difference between the longest and shortest extrastimull 
causing a resetting response. Resetting was defined by 
(1) occurrence of a less than compensatory pause after 
the extrastimulus as measured at the stimulation site 
leading to =20-ms advancement of the atrial cycle, and 
(2) resumption of atrial flutter with the same surface 
= electrocardiographic morphology and intracavitary acti- 
on vation, pattem. The coupling inte | was me 

































the done se ree he fast deflection of 


prematurity. 


measured : as 


ed electrogram. : 
POSTSTIMULATION CYCLE: This was the edad 
the atrial extrastimulus, This was measured at th 
ulation site after the longest coupling interval ca 
reset. Poststimulation cycle was corrected in all case 
by subtracting atrial flutter cycle length. 2 
PATTERN OF RESETTING: This pattera was defined 
either flat or increasing depending on whether poststi 
ulation cycle was constant or increased with i increasin 

















































Statistical analysis: The Shaffer extension of D 
nett’s test, a nonparametric procedure allowing mu 
comparisons, was used.?? Specifically, the extension 
Friedman type for all variables was applied. The statis 
tical analysis of pattern of resetting response, being a 
dichotomic variable, was performed by the extension 1 of À 
Cochran type. 


RESULTS 1 
The mean cycle length of atrial flutter was 
229 + 24 ms (Table 1). In all patients the arrhythmia — 
remained stable throughout the study, thus allowing — 
evaluation of the capture zone, excitable gap, poststim- 
ulation cycle and pattern of resetting at multiple atrial 
sites during the same episode of atrial flutter. Coronary — 
sinus catheterization was achieved in 15 of 18 patients. 
The single extrastimulus did not cause acceleration into 
atypical atrial flutter or atrial fibrillation in any patient. 
In | patient (no. 2), a single extrastimulus reproducibly : 
terminated the arrhythmia. oS 
Capture zone and excitable gap: Values of the cap- 
ture zone were similar at all sites, slightly longer values: 
being observed at the distal coronary sinus and high 
right atrium than at the remaining right atrial sites. 
Values recorded at the posterior and septal right atrium 
were significantly shorter (p <0.01) than those at the 
coronary sinus. The excitable gap could be evaluated at 
the coronary sinus in 12 of 15 patients and at the high 
right atrium in 17 of 18, because a reset response could 
not be elicited in 3 and in | patient, respectively. How- 
ever, reset was always present at the other right atrial 
sites. The excitable gap was shorter at the coronary si- — 
nus and high right atrium (Figure 1); the excitable gap - 
was significantly longer at the posterior (Figure 2) and ~ 
septal right atrium (p <0.05) than at the coronary si- 
nus. Intermediate values were measured at the lateral — 
right atrium. Among right atrial sites, although the ex- 
citable gap was longer at the posterior and septal night - 
atrium, only comparisons between the septal and high — 
right atrium (p <0.01) and between the septal and lat- 
eral right atrium produced statistically iii icant re- 
sults T <0, 5) 





Loca ERP (ms) 


Capture Zone (ms) 


HRa LRA PRA 


240 15C 170 150 
220 17C 150 160 
280 14C 140 170 
260 13C 150 180 
210 15C 150 150 
240 15C 140 150 
220 15C 140 160 
260 14C 170 160 
200 13C 150 150 
240 18C 150 140 
200 13C 130 120 
230 13C 140 150 
220 14C 140 140 
260 16C 160 180 
200 14C 140 150 
200 13C 150 140 
220 14C 150 150 
230 14C 160 140 


Mean 229 144 149 152 
ESD 24 14 H 15 I3 


CS HRA LRA 


RRP (ms) 


HRA LRA PRA SRA CS 
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CL = cycle length; CS = coronary sinus; ERP = effective refractory period; F = flat; HRA = high right atrium; | = increasing; LRA = lateral right atrium; PRA = posterior right atrium; 
SCL = poststimula:ien cycle length; RRP = resetting response pattern; SRA = septal right atrium. 


Poststimuiation cycle and pattern of resetting: The 
poststimulaticr cycle, measured at the stimulation site 
and corrected for the atrial flutter cycle, was signifi- 
cantly shorter in the posterior and septal right atrium 
than in the cœonary sinus (p <0.05). The comparisons 
among right atrial sites revealed that the poststimula- 
tion site was sgnificantly shorter in septal than in the 








high (p <0.01) and lateral right atrium (p <0.05). As 
mentioned previously in Methods, these values refer to 
the cycle following the longest coupling interval with a 
reset response. When the coupling interval was progres- 
sively shortened, the poststimulation cycle remained 
similar until the refractory period in some patients (flat 
pattern), or showed either sudden or progressive in- 


excitable gap at high right atrium. Reset 
can be observed following an extrastimu- 
lus with a prematurity of 200 ms. B, reset 
is observed at 150 ms with an increased 
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creases in other patients (increasing pattern) (Figure 
3). A flat pattern of resetting was observed more fre- 
quently in the septum (18 of 18 patients) and posterior 
right atrium (15 of 18) than in the lateral (8 of 18) and 
high right atrium (2 of 17). This pattern of response 
was never observed at the coronary sinus in the 12 pa- 
tients in whom the resetting response could be elicited; 
in these patients the pattern of reset was always in- 
creasing. These differences were statistically significant. 
An increasing pattern of reset was observed in the re- 
maining patients at the other atrial sites. 


FIGURE 2. A, reset is obtained earlier at 
the posterior right atrium (210 ms). B, re- 
set is observed at the prematurity of 160 


PSC (ms) 
0 


(CS). Note that reset is obtained with long- 
er coupling interval at POST. (210 ms) 
than at other atrial locations. Reset is initi- 
ated only at higher prematurities at the 
CS. A1-St = coupling interval of atrial ex- 
trastimulus; PSC = poststimulation cycle 
(measured at stimulation site). 


Termination of atrial flutter: role of the stimulation 
site (Table Il): In 1 patient (no. 2) atrial flutter could be 
reproducibly terminated by | extrastimulus at the pos- 
terior right atrium; in this patient the arrhythmia could 
not be interrupted by a single extrastimulus delivered at 
the other atrial sites. In the remaining 17 patients, over- 
drive pacing was performed as described in Methods. 
Sinus rhythm could be recovered in 14 of 17 patients; 
in 3 patients atrial fibrillation was induced as a conse- 
quence of overdrive pacing. Successful termination of 
atrial flutter was achieved by pacing at the posterior 
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*By single exteastimulus; in this patient termination of atrial flutter by single 

extrastimuius waszztempted, unsuccessfully, at all other atrial sites. 

Af = atrial fibriliaion; CS = coronary sinus; HRA = high right atrium; LRA = lateral 
right atrium; PRA, = posterior right atrium; SR = sinus rhythm; SRA = septal right 

atrium. 


<> right atrium i 7 patients (in 4 as a first-tested site, in | 
after failure zt the coronary sinus and in 2 after failure 
=at the high sight atrium and coronary sinus), at the 
septal right arium in 7 (in 4 as the first pacing site, in 
_.2.as a seconc attempt and in 1 after failure at the later- 
al right atrium and coronary sinus), and at the lateral 
right atrium m | (as a first attempt). The electrophysi- 
ologic propezzies of the sites where atrial flutter was 
terminated ace summarized in Table HI. Table IH 
shows that im 14 of 15 patients in which sinus rhythm 
was recoverec, the pattern of reset was flat. Table IH 
also shows that the values of poststimulation cycle and 
excitable gaz were shortest at the sites where sinus 
rhythm was recovered than at the sites tested previ- 
ously. 


DISCUSSION 

E Single ex:-astimulus testing during atrial flutter has 
=- been used to demonstrate the reentry mechanism of the 
-~ arrhythmia!- and to identify the chamber of origin.!7 
In this study. the response to a single atrial extrastimu- 
` lus, ie., leng: of poststimulation cycle, pattern of reset 
-and amplitude of excitable gap, was different at various 
atrial sites. We eee! the inane of this 
finding. 

Capture zone and excitable gap: The duration of 
the capture zdne was frequently wider than the excit- 
-able gap, because at many sites local capture could oc- 
-cur without advancement of the tachycardia cycle. This 



















: phenomenon.. which hay geen ‘been. and or Tai by _ ductior 











TABLE "m Electrophysiologic Properties of the Sites Whe 
Atrial Flutter was Terminated . n 






i 0 
2 PRA F 0 
3 SRA F 0 
4 PRA F 0 
5 SRA F 0 
6* PRA j 10 
i HRA l 20 
8 SRA F 0 
9 PRA F G 30/30 
10 PRA F 10 
11 SRA F 0 
12 PRA i 0 
13 SRA F 20 
14 PRA F 0 
15 PRA F 0 
16 SRA F 10 
17 SRA F 0 
18* HRA i Q 













*Atrial fibrillation induced by overdrive pacing. Eaa Ta 
EG = excitable gap; MaxEG = maximal excitable gap; other abbreviations as in 
Table |. 
































curs at longer coupling intervals. The reset zone begins 
with coupling intervals that were shorter at the coro- 
nary sinus or high or lateral right atrium than at. the 
septum or posterior wall of the right atrium. The excit- 
able gap, therefore, is the widest measured at these lat- 
ter sites. Underestimation of the tachycardia excitable 
gap, due to intervening tissue between the stimulation 
site and exit point of the reentry circuit, frequently oc- 
curs; therefore, probably the widest measurement rep- 
resents the best approximation of the true excitable 
gap. 

Pattern of resetting and poststimulation cycle: Dur- 
ing the same episode of atrial flutter, the pattern of 
resetting was either flat or increasing at different stimu- 
lation sites. In all patients, however, a flat pattern of ` ~ 
reset could be identified in at least | right atrial site, 
thus suggesting the presence of a fully excitable gap.?? 
The observation of an increasing pattern of reset during 
the same episode of arrhythmia probably reflects decre- 
mental conduction properties of atrial tissue between 
stimulation site and reentry circuit.” This is further 
supported by the finding of short return cycles at sites 
with a flat pattern of reset, The sites with a shorter 
return cycle were always characterized by a wider ex- > 
citable gap; the pattern of reset was always flat at these 
sites, suggesting a fully excitable gap. These character- 
istics are likely to identify sites at closer proximity or = 
with easier functional access to a crucial part of the -o 
reentry circuit, or both. E 
According to mapping MaS § an area of slow / con- 






















'hyt mia \ when overdrive pacing is 
ormet these sites. 
Clinical imy ms: Atrial flutter termination by 
overdrive p pacing ‘has a variable rate of success depend- 
ing on many factors. The distance between stimulation 
-site and reentry circuit may be responsible for failure in 
termination of the arrhythmia.?4 The results of this 
tudy indicate that atrial flutter is terminated more eas- 
| ily when overdrive pacing is performed from the poste- 
< gior or posteroseptal right atrium. The electrophysiolog- 
ee oie! properties of the sites where arrhythmia was termi- 
: pated are listed in Table HI. The data show that in 14 
-of 15 patients a flat pattern of reset could be demon- 
strated at sites of arrhythmia termination and that in 
-> -most patients the widest excitable gap and the shortest 
-c poststimulation were at these sites. Stimulation at coro- 
> nary sinus was ineffective in all patients and sinus 
rhythm was recovered at the lateral right atrium in 
-only 1 patient. Furthermore, in several patients, stimu- 
~~ Jation at the posterior or septal right atrium was suc- 
-cessful after pacing had failed at other locations; stimu- 
~~ Jation at the posterior or septal right atrium was always 
effective. In their interesting mapping studies during 
atrial flutter, Cosio et al!’ described. a high prevalence 
of double-spike electrograms in the posterior wall of the 
right atrium and have suggested that they may identify 
a zone of slow conduction. Successful catheter ablation 
of atrial flutter has been described by Chauvin and 
 Brechenmacher!? when direct-current. shocks were ap- 
plied to this area. More recently, Saoudi et al!’ de- 
< scribed successful atrial flutter ablation in a series of 8 
patients. Direct-current shocks were delivered to a slow 
conduction area, identified in all patients by entrain- 
ment criteria, in the posterior right atrial wall. 

The identification by single extrastimulus of sites 
having a flat pattern of reset, a wide excitable gap and 
a short poststimulation cycle may guide the choice of 

_. the site for transvenous endocardial ablation of atrial 
`-o flutter. 
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ents with the Romano-Ward inherited long 

-QT syndrome have an incompletely defined car- 

i on sympathetic system abnormality, and exhib- 

it ventriculer arrhythmias during exercise, fear 

and anxiety. Treadmill and bicycle exercise were 

-used to modulate cardiac autonomic activity in 

_ 27 Romanc-Ward subjects and 27 normal con- 

. trols. The heart rate, and the QT, QTc and 
QT/QS2 (ratio of electrical to mechanical systole) 
intervals were compared. Subjects with long QT 

were compared with normals. Those with a long 

QT interval tad the following results: similar 

resting hear: rates; lower rates during moderate 
(151.6 vs 189.6 beats/min, p = 0.04) and maxi- 
mal (155.9 +s 182.1 beats/min, p = <0.001) ex- 
_ ereise; an aimormal QT cycle-length relationship, 
-with failure ef the QT to shorten normally with 
Increasing heart rate; an increase in QTc versus 
a decrease im normals; supine rest QT/QS2 ratio 
of 1.12 vs 693, p = 0.001; and an exercise 
QT/QS2 the‘ increased by 30%, from 1.12 at 
rest to 1.45, versus 15%, in normals, from 0.93 
to 1.07, p = 0.001. The lower heart rates and 
excessively prolonged QT/QS2 ratios during ex- 
ercise further support an abnormality of, or ab- 
normal cardiac response to, sympathetic activity. 
A QT/QS2 >-1.0 at rest, an exercise QT/QS2 ra- 
tio >1.17, amd an increase in QTc during moder- 
ate exercise may be helpful diagnostic findings in 
ie, wit? borderline long QTc intervals at 


(Am J Cardiol 1991;68:498-503) 


r 
i 
d 





‘ffects of Exercise on Heart Rate, QT, QTc 
3 T/QS2 i in the Romano-Ward Inherited 
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acterized by exercise or stress-induced ventricu- 
lar arrhythmias, syncope and sudden death. A number 
of studies: have shown an incompletely defined abnor- 


mal relation with the cardiac sympathetic system.4-!? _ 


The usual precipitation of the arrhythmias by exercise 
and sudden emotional stress, times at which sympathet- 
ic activity is enhanced, suggests that electrocardio- 
graphic or other measurements during exercise may be 
particularly helpful in the study of the pathophysiology 
of the syndromes. We therefore used exercise to en- 
hance sympathetic activity and evaluated the heart 
rate, and QT, QTc and QT/QS2 intervals as measures 
of the effect of the sympathetic stimulation in patients 
with the Romano-Ward syndrome. Because the diag- 
nosis is difficult in some patients. with borderline QT 
prolongation, these measurements during exercise were 
also evaluated for diagnostic utility. 


METHODS 
The studies were performed in 27 subjects with Ro- 
mano-Ward long QT chosen from a family with an 8- 


generation pedigree and autosomal dominant inher 
tance. None of the Romano-Ward subjects were taking 


ihe 


8 blockers or other medications. A remote: history of 
palpitations, near syncope or syncope was present in 13 
of 27 subjects antedating our diagnosis, and no medica- 
tions were begun. In 2 of 15 subjects, including 1 with a 
history of cardiac arrest, remote syncope had occurred, 


and they had only “premonitory” symptoms during sig- _ 
-nificant exercise. They had learned to avoid symptoms 


Romano- 
Ward? inherited long QT syndromes are char- 








by stopping exercise before onset of such feelings. Both 


led normal lifestyles and were unwilling to take medica- 


tion. These 2 were entered into the bicycle protocol be- . 
cause of the lesser exercise required. There were 27 5 i 
normal subjects with no history of heart disease, normal = 


physical examinations and electrocardiograms, and who = 
took no medications. Symptom-limited maximal effort- : 
treadmill tests were used to evaluate the heart rate re- 
sponse to exercise. Bicycle tests were used to evaluat ; 
a is Se, Fesponse: Oba and. OTs: reponse. t to exerci 
n valuated ercise: —” y 











na “years of experience in evalu- 
: on ano-Ward syndrome, to enhance consis- 
` tency. o : QT measurements. The offset of the QT 
interval was taken as the point of maximal slope change 
-as the downslope of the T wave merged with the base- 
_ line. The modest heart rates obtained during bicycle 
_ exercise did not produce T- and P-wave fusion, and ex- 
_ ercise measurements were obtained as mentioned. Such 
‘fusion was present in several of the treadmill test trac- 
gs, and the end of the T wave was taken as the point 
-where continuation of the line of most rapid descent 
-transected the baseline. The QTc was calculated. using 
* Bazett’s formula. All protocols were approved by the 
Institutional Review Board for Human Research. All 
-study participants gave informed consent. 
a Heart rate evaluation: Twenty subjects with Roma- 
| < no-Ward syndrome (mean QTc 0.49 + 0.02) and 20 
normal volunteers (QTc 0.40 + 0.02) were studied with 
maximal effort treadmill tests. An initial 12 subjects 
with Romano-Ward syndrome and controls (group 
I) were studied evaluating only maximal heart rate 
< - achieved. When a lower maximal rate was seen in the 
=: Romano-Ward subjects, a second group of 8 Romano- 
Ward subjects and 8 normals was studied to evaluate 
the heart rate response throughout exercise (group H). 
The 12-lead electrocardiogram and symptoms were 
-= monitored continuously. Heart rate and lead H QT in- 
© terval were recorded at rest, at the end of each stage of 
exercise (group II) or at maximal exercise only (group 
_ 1), and immediately, 1, 3 and 5 minutes after exercise. 
_ Predicted maximal heart rate was calculated for each 
_ subject using the formula 220-age. 
GROUP 1; This group consisted of 12 Romano-Ward 
subjects (QTc 0.49 + 0.02, mean age + standard de- 
_ . Miation 17.1 £ 11.2 years) 8 men, and 12 sex- and 
age-matched controls (Qtc 0.40 + 0.02). A history of 
symptoms was present in 4 of 12 Romano-Ward pa- 
“tients. 
Group IE In this group were 8 Romano-Ward sub- 
-jects (QTc 0.48 + 0.02, aged 34.8 + 9.5 years) 5 wom- 
en, and 8 sex- and age-matched normal controls (QTc 
< 0.40 + 0.02. A history of symptoms was rn in 4 of 
8 Romano-Ward patients. | 
STATISTICAL ANALYSIS: Heart rate data are expressed 
as mean + standard deviation. Mean heart rates at 
maximal exercise in both group I and II subjects with 
<= long QT were compared with those of their respective 
: = control group, and with the age-predicted maximal 
> rate, using Student’s ¢ test. Mean heart rates at each 
_. stage of exercise and recovery were compared in group 
I patients with Romano-Ward syndrome and in nor- 


sing analysis of variance. Statistical S Eoin 


nd tarpon was <0. 05. iden 





in age, 26.6 + 9.5 years. (range 20 to 40) (QTc 0.38 
0.03), All 7 Romano-ward subjects had previous symp 
toms as previously noted. Prolonged to upper normal 





Sata (QS2 r several studi 7 
that the QT/QS2 ratio reflects autonc 
with a normal QT/QS2 ratio <1.0 at rest incre 
just >1.0 with exercise. The increase is due’ 
interval shortening slightly more during exercise 
does the QT interval, and this differential effect. 
QS2 versus QT is thought to be the result o increas 
sympathetic activity. 13-15 E 
There were 7 Romano-Ward R 3 womi 
aged 25.5 + 9.2 years (range 20 to 43), witha Q 
0.48 + 0.04. The 7 normals and 3 women were $ 




























QTc intervals had been noted in 2 subjects on previous 
electrocardiograms and QTes of 0.44 and 0.45, respec: 
tively, were present on their baseline records. These 2. 
were specifically included in the study so that Romano- 
Ward subjects with a range of QTc intervals were rep 
resented. Modest bicycle exercise was chosen to avoid 
serious rhythm disturbances and to improve the quality = 
of the QT and QT/ Qs2 measurements. The protocol 
consisted of 3-minute stages, beginning at a 25-W work 
load, increasing by 25 W each 3 minutes through 12 
minutes. A 12-lead electrocardiogram for QT measure- = | 
ments, and a lead II and second left intercostal space 
phonocardiogram at 100 mm/s for the QT/QS2 inter- 
val, were recorded at rest, at the end of each stage of 
exercise, and at 1, 3, 5 and 8 minutes after exercise; 
The QS2 interval was measured from the onset of vens 
tricular depolarization in lead H to the first high fre- 
quency deflection of the aortic ponen of the second 
heart sound. Eo 
STATISTICAL ANALYSIS: The data are expressed as- 
mean + standard deviation (except in Figure 4 where 
the data are shown as mean + standard error for better 
graphic display). The QT, QTc and QT/QS2 intervals = 
at each stage of exercise and recovery were compared 
with measurements at the rest stage in both Romano- 
Ward and control. groups using analysis of variance 
to determine if significant changes occurred with exer- 
cise. Comparison between subjects with the Romano- 
Ward syndrome and controls at each stage of exercise 
and recovery was performed using Student’s z test for 
unpaired observations. 


RESULTS | 
Heart rate response: GROUP 1— MAXIMAL HEART 
RATE: There was no difference in resting heart rates for- 
Romano-Ward subjects versus controls (77 + 10 vs- 
76 + 10 beats/min). The time on the treadmill was 
similar at 9. 8 minutes for. Romano-Ward | Wak 





a 


than those im normals (188 + 9.2 beats/min), and the GROUP Il — HEART RATE RESPONSE THROUGHOUT EXER- 
age-predicted maximum of 197 +9.5 beats/min (p cise: The heart rates at each stage of exercise and re- 
<0.001) for soth comparisons. There was no significant covery for group II Romano-Ward subjects and normal 
difference between the rate of normals and the predict- controls are shown in Figure 1. The time on treadmill 
ed rate. was similar at 9.1 + 2.2 minutes for Romano-Ward 


* P=.04 vs Control 
** P=<.001 vs Control 
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FIGURE 1. Heart rate during treadmill ex- 
ercise. Mean heart rates in group Il con- 
trol subjects and subjects with Romano- 
Ward syndrome (RWS) during exercise 
and recovery. There was a significantly 
lower rate in subjects with RWS long QT 
interval at the end of stage 3 (p = 0.04) 
and at maximal exercise (p <0.001) com- 
pared with values in normals. Imm = im- 
mediate recovery; Max = maximal exer- 
cise; 1'p, 3'p, 5’p = 1, 3 and 5 minutes af- 
ter exercise, respectively. 


FIGURE 2. QT interval during treadmill 
exercise. A plot of the changes in QT in- 
terval at each stage (Stg) of exercise and 
recovery. An abnormal dynamic relation is 
seen in subjects with Romano-Ward syn- 


ther after stage 2 despite continued incre- 
ments in heart rate; the QT of normals 
(Norm QT) shortened continuously 
throughout exercise. The RWS QT is sig- 
nificantly longer than in normals at each 
stage: p = <0.01 at rest and stage 1; 

p = <0.001 at all other times. Abbrevia- 
tions as in Figure 1. 


FIGURE 3. QTc response during treadmill 
exercise. The QTc of subjects with Roma- 
no-Ward syndrome (RWS) was significant- 
ly longer than in normals at rest and at 
each stage of exercise and recovery, 

p <0.01 to <0.001. The QTc of normals 
(Norm QTc) showed no significant change 


rest value. Note a further lengthening of 
the QTc in subjects with RWS at 3 and 5 
minutes of recovery. Abbreviations as in 
Figure 2. 


_ respectively; 3’, 6’, 9’, 12 = duration of ex- 


subjects compared with 9.8 +2.0 minutes for con- 
trols (p = 0.4). The resting heart rates were similar at 
66 + 12 beats/min for Romano-Ward subjects and 
64 + 10 beats/min for controls (p = 0.8). Heart rate 
was insignificantly lower in Romano-Ward subjects 
than in normals at stage 1 (111 + 14.8 vs 119+ 11.8 
beats/min [p = 0.23]) and at stage 2 (133 +17 vs 
144 + 19.6 beats/min [p = 0.16]). By stage 3 heart 
rate in Romano-Ward subjects was significantly lower 
than in normals (151.6 + 11.0 vs 169.6 + 20.4 beats / 
min [p = 0.04]) and during maximal exercise (156 + 
8 vs 182 + 7.2 beats/min [p <0.001]). Recovery rates 
in Romano-Ward subjects were the same as in nor- 
mals. 

QT interval response to exercise: The dynamic 
changes of the QT interval during treadmill exercise 
are shown in Figure 2. The QT interval of Romano- 
Ward subjects was significantly longer at each time of 
measurement than the QT of control subjects. Normals 
had a progressive decrease in QT length throughout ex- 
ercise. Romano-Ward subjects, in contrast, had an ini- 


FIGURE 4. QT/QS2 ratio during bicycle 

exercise. The data represent the mean ra- 

tio + standard error. The QT/QS2 ratio in- 
significantly 


er than in normals at rest and at each 
stage of exercise and recovery; p <0.005 
at all times except sitting (Sit) and at 3 
minutes of exercise (0.02). 1’p, 3'p, 5’p, 
8'p = 1, 3, 5 and 8 minutes after exercise, 


ercise; Sup = supine. 


FIGURE 5. QS2 interval during bicycle ex- 
shortened 


QS2 (SEC) 


Su Sit 3° 6° 


Sup Sit 3’ 6° 9 12° 








tial shortening of QT at stage 1, but essentially no fur- 
ther shortening at subsequent stages of exercise, even 
though heart rate continued to increase. Also, QT in 
the Romano-Ward patients returned to the resting con- 
trol value more quickly than in normals — 3 minutes 
after exercise — even though the heart rate had not re- 
turned to baseline (Figure 1). These findings demon- 
strate that Romano-Ward subjects have abnormal dy- 
namic control of the QT interval and abnormal QT cy- 
cle-length relations during both exercise and recovery. 
To further evaluate the QT response during exercise, 
the QT was plotted against heart rate (rather than 
stage of exercise); the curves for Romano-Ward pa- 
tients and normals were essentially the same as the QT 
versus stage of exercise (Figure 2). The QT shortened 
linearly with heart rate increment in the normals, but in 
the Romano-Ward patients the QT showed a plateau 
above a heart rate of 115 beats/min. Also, the QTc 
of Romano-Ward patients and controls was plotted 
against the stage of exercise (Figure 3). The QTc of 
normals during exercise and recovery showed no signi- 


lp 3p Sip 8'p 
Stage of Exercise 


' 1'p 3'p 5'p 8'p 


Stage of Exercise 


EXERCISE IN ROMANO-WARD SYNDROME 501 


e pon ee ET ae ee i. 4 “eee Be 





bien progressively i increased 


from the rest QTc (p <0.002 at stage 3 and maximal 
exercise) an= throughout recovery (p <0.03). In addi- 
ion to the “Tc lengthening during exercise, the QTc 
urther increased during recovery, a finding consistent 
the absormal response of the QT interval during 

overy (Figure 3). 

QT/QS2 ratio during bicycle exercise: The 
OT /QS2 retos of the Romano-Ward syndrome and 
control grows are shown in Figure 4. The control 
‘group had a 1ormal response, with a supine rest ratio of 





0.93 + 0.03 increasing to 1.07 + 0.05 (p = 0. 003 com- 
pared with rest value) at 12 minutes of exercise, and 


a decreasing tc <1.0 at 5 minutes of recovery. At supine 
rest, the razo of Romano-Ward subjects was 1.12 + 
< OLL vs 0.93 + 0.03 in normals, p = 0.001. With sitting, 
the ratio of Eomano-Ward subjects increased to 1.21 + 
0.2, wherezs the ratio in controls was unchanged at 
0.96 + 0.06 however, this different response did not 
2 teach statistical significance. At peak exercise, the 
QT/QS2 razio of Romano-Ward subjects increased to 
1.45 + 0.12 -p = 0.002 compared with rest value). This 
represented a 30% increase in the QT/QS2 ratio com- 
pared with £5% (0.93 to 1.07) in normals (p = 0.003). 
The mecharism of the marked increase in QT/QS2 
ratio was the failure of the Romano-Ward QT interval 
to shorten zormally during exercise as previously dis- 
cussed and a2monstrated in Figure 2 from the treadmill 
exercise studies. The same response was seen in this 
group of sugects undergoing bicycle exercise. The QS2 
interval, in contrast, shortened the same manner in Ro- 
mano-Ward subjects and normals (Figure 5) (p = not 
significant a: all points). 

QT/QS2 I= ROMANO-WARD SYNDROME SUBJECTS WITH 
BORDERLINE QTc INTERVALS AT REST: Evaluation of the 
resting and exercise QT /QS2 ratios in the 2 Romano- 
Ward syndzome subjects with borderline QTcs at rest 
showed res” ratios of 0.97 and 1.1, increasing to 1.33 
and 1.62, r=spectively, at 12 minutes of exercise. 


= Ventricwiar arrhythmias: No ventricular arrhyth- 
mias occurred during these studies. This result is possi- 


_ bly related to the selection of the candidates. 


DISCUSSION 
: Heart rate during exercise: Schwartz et alf initially 
- observed lew resting heart rates, and suggested this 
might indizate right cardiac sympathetic deficiency 
since the cardiac o fibers exist in the night 





Qe in Ron exercise, and was significantly different ive than normal exercise heart rates seen in the pr 





evident by evaluation of resting heart rate 


ent study confirms a similar chronotropic deficiency in 
older subjects with Romano-Ward syndrome. 


Several previous case reports have described low lev- 


el, uncontrolled exercise tests in Romano-Ward pa- 
tients, but no conclusions regarding heart rate response 
can be made from these data.®!9-*3 Curtiss et al’ stud- — 
ied 3 subjects with a long QT and 8 normals using - 


Bruce treadmill tests. The maximal heart rate of those ~ 


with Romano-Ward syndrome was 178 beats/min and 
of normals 188 beats/min, but no statistical compari- 
son was given. The age ranges of the Romano-Ward _ 
subjects versus normals were quite disparate, and the _, 
groups did not appear to be comparable; thus, no con-*“ 





clusion can be reached concerning heart rate response. eor 


An abstract by Locati et al?4 reported a lower heart * 
rate in subjects with Romano-Ward syndrome com- 
pared to normals during mild bicycle exercise, but 42% 
of Romano-Ward subjects were taking 8 blockers, 
making a comparison of heart rate response in the two 
groups impossible. 

Our results also show that the increase in heart rate 
during early exercise was similar in Romano-Ward 
subjects and normals (Figure |). Early heart rate incre- 
ment is due to vagal withdrawal!825.2¢ and it appears to 
occur normally in the Romano-Ward subjects. Sympa- 
thetic stimulation of heart rate occurs at a later stage of 
exercise, 182526 and the lower heart rate of Romano- 
Ward subjects at stage 23 is consistent with an abnor- 
mal sympathetic effect. The lower maximal heart rate 
seen in the Romano-Ward subjects is similar to that — 
found by Schwartz?’ in dogs after right stellectomy, an: 
experimental preparation which may simulate the Ro- 
mano-Ward syndrome physiology. 1 


QT interval and QT/QS2 ratio: The relation between - 


QT interval and exercise heart rate in the inherited long 
QT syndrome has not been systematically studied pre- > 


viously, but an abnormal relation has been described in 


several case reports, including lengthening of the QT 
during exercise.!2°.2228 Our results show the QT to ` 
shorten during early exercise, up to a heart rate of ap 
proximately 115 beats i min, after which the QT. re- yi 
mains rather constant despite increments in heart rate. 


> 






In contrast, mechanical systole, the QS? interval, short- 


ens normally in response to rate increment. This failure < 
of the QT to shorten normally leads to the: progres- 
sively lengthening QTc and QT /QS2 ratio; these find- 
ings fie support an abnormality of sympathetic. el 

fea h In addition to increasing our r understanding of 







: Although one support this concept, a ake num- 
Be ber of PAT need to be sepiss for confirmation. 







Scorer had pi enare a 
prolonged QTc, and this patient had a history 
lier syncopal spells, a parent with a long QT inter- 
l, and children with clearly prolonged. QT intervals. 
2xercise increased his QT/QS2 ratio to 1.33, with an 
obviously prolonged QT interval, making the electro- 
-cardiographic diagnosis clear. Based on our fi ndings, 
several suggestions may be offered for diagnostic cri- 
teria, but all will need more evaluation. A resting 
~ QT/QS2 >1.0, as- previously suggested, may indicate 
_ some form of the prolonged QT syndrome. An exercise 
= QT/QS2 1 ratio >1.17, which is the mean + 2 standard 
_ deviations of the normal group, may indicate the Ro- 
< mano-Ward syndrome. The maximal ratio in the nor- 
“mal group was 1.14, and the minimal ratio in the Ro- 
» mano-Ward syndrome group was 1.27, supporting 1.17 
as a useful dividing point. These QT/QS2 measure- 

- ments, along with failure of the QT to shorten or an 
Increase in QTc may be particularly helpful in estab- 
-lishing the diagnosis in patients with upper normal to 
borderline prolonged QT intervals. We recognize the 
__ limitations inherent in QT measurements, especially 
a during exercise. The low level bicycle protocol avoids T- 
P fusion, and improves record quality, assisting to some 
degree. Newly described computer-assisted repolariza- 
tion measurements*° may help to avoid the uncertainty 
* of the T end point, and could be used in future studies, 
Our studies were performed in subjects with the Ro- 
get mano-Ward syndrome. It is not known whether those 
-` with the Jervell and Lange-Nielson syndrome would 
-> have the same response, or how subjects with the vari- 
Us forms of acquired long QT i interval would respond, 
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. le-Photon E Emission Computed Tomograp y i 


in Patients with Left Bundle Branch 
Block by Dipyridamole 
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> -Reduced saptal uptake of thallium-201 during 
exercise is frequently observed in patients with 
~~ left bundle ranch block (LBBB) and normal cor- 


onary arteries. This may refiect normal coronary 
autoregulation in response to lower septal oxy- 


gen demard; thus, dipyridamole, which uniform- 


ly exploits fow reserve, would be more accurate 
for diagnosis of coronary artery disease (CAD). 


Sixteen pafients with LBBB underwent exercise 


and dipyridamole thallium-201 single-photon 
emission computed tomography and coronary 
angiograpty within 3 months. Sensitivity for de- 


`- tection of left anterior descending CAD (>50% 
- stenosis) was 0.83 for exercise and 1.00 for di- 


~ pyridamole, Specificity was 0.30 (visual) or 0.20 





(quantitatise analysis) for exercise and 0.80 (vi- 
sual) or 0.£0 (quantitative) for dipyridamole 

(p <0.05). Dipyridamole combined with quantita- 
tive analysis also improved specificity of CAD 
detection everall (p <0.01). These data demon- 
strate that pharmacologic vasodilation is more 
accurate tan exercise when diagnosing CAD by 
myocardial perfusion scintigraphy in patients 
with LBBE. | 
(Am J Cardiol 1991;68:504--508) 
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ommended for diagnosis of coronary artery dis- 


E xercise thallium-201 scintigraphy has been rec- 
ease (CAD) in patients with left bundle branch 


block (LBBB).! Although specialized diagnostic crite- 


ria support limited rationale for this,?? a major short- ee 
coming is the frequent occurence of false-positive perfu- -~ 
sion abnormalities of the ventricular septum.*® 

In the Framingham study, onset of LBBB increased 
cumulative cardiovascular mortality three- to fourfold.’ 
However, Peter et al® found no mortality at 2 years 
in LBBB patients with with no CAD compared with 
37% in those with surgically treated CAD and 55% in 
those with medically treated CAD. Similarly, although 
LBBB is a strong predictor of mortality independent of- 
the degree of heart failure and extent of CAD,?!° 
Rothbart et al? demonstrated excellent 2-year prognosis 
in patients “without clinically overt heart disease.” 
Thus, coexistence of CAD has particular prognos- 
tic importance in patients with LBBB, and an accu- 
rate noninvasive diagnostic test, previously unavailable, ~ 
would have immediate clinical utility. ee 

Early and abrupt septal contraction often occurs in _ 
patients with LBBB.!! Septal motion abnormalities oc- 
cur often in relation to asynchronous contraction of the ™ 
right and then the left ventricle in LBBB patients with- > 
out CAD.4!213 Thus, we hypothesized that early in 
systole, segments of the septum generate sufficient ten- 
sion to overcome only right ventricular rather than left 
ventricular outflow resistance, as occurs with normal 
conduction (Figure 1). By virtue of coronary autoregu- 
lation,!* these septal segments would receive less coro- 
nary flow than the subsequently activated free wall,> _ 
thus causing septal perfusion defects. Exercise, which 
increases the delay between right and left ventricular — 
activation relative to the duration of systole, would eX- 
aggerate these effects to create reversible defects. In 8 
contrast, dipyridamole uniformly exploits coronary — 
vasodilatory flow reserve in the absence. of. Ce 
We thertore a whethe -dij u 
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TABLE | Sensitivity and Specificity of Exercise and Dipyridamole Thallium-201 SPECT in Left Bundle Branch Block 


Sensitivity Specificity 











Exercise Dipyridamole Exercise Dipyridamole 






> = ee 





Visual Quant. Visual Quant. Visual Quant. Visual Quant. 


































*p <0.01 compared with values for exercise; tp <0.05 compared with values for exercise. 
LAD = left anterior descending artery; LC = left circumflex artery; Quant. = quantitative analysis; SPECT = single-photon emission computed tomography; Visual = visual analysis. 


Patients overall 0.75 0.75 0.75 | 0.12 0.50 0.88* q 
(7/8) (6/8) (6/8) (6/8) (2/8) (1/8) (4/8) (7/8) i 
Coronary territories ; 
LAD 0.83 0.83 1.00 1.00 0.30 0.20 0.80t 0.90* 
(5/6) (5/6) (6/6) (6/6) (3/10) (2/10) (8/10) (9/10) 
LC 0.50 0.50 0.50 0.50 1.00 0.93 0.93 0.71 | 
(1/2) (1/2) (1/2) (1/2) (14/14) (13/14) (13/14) (10/14) 
Right 0.50 0.50 0.50 0.50 0.43 0.57 0.57 0.57 
(1/2) (1/2) (1/2) (1/2) (6/14) (8/14) (8/14) (8/14) 
Total 0.70 0.70 0.80 0.80 0.61 0.61 0.76 0.71 i 
(7/10) (7/10) (8/10) (8/10) (23/38) (23/38) (29/38) (27/38) à 
* 






™ lar focus on the perfusion territory of the left anterior Dipyridamole thallium-201 SPECT: Patients had a 


descending coronary artery that includes the ventricular 
septum. 


METHODS 

Study group: Patients with LBBB who underwent 
exercise thallium-201 SPECT and coronary angiogra- 
phy within 3 months were asked to undergo dipyrida- 
mole thallium-201 SPECT during this period. Electro- 
cardiograms were analyzed according to the criteria of 
Freedman et al.? Informed written consent was ob- 
tained. 

Exercise thallium-201 SPECT: Patients underwent 
a symptom-limited Bruce protocol treadmill exercise 
test. Medications were continued or withheld for testing 
on the advice of referring physicians. At peak exercise, 
3 mCi of thallium-201 was injected and exercise was 
continued for | minute. Imaging was performed 10 
™ minutes and 4 hours after thallium-201 injection, using 
60 projections, 3° per step, over a 180° clockwise circu- 
lar orbit beginning at a 45° right anterior oblique pro- 
jection. Total imaging time was 15 minutes. The detec- 
tor had a 3/8-inch sodium iodide crystal and low-ener- 
gy all purpose collimator. A 30% window on the 67- 
keV photopeak and on the 169-keV photopeak were 
used. Images were stored in 64 X 64 matrixes. Back 
projection used the product of a Ramp and modified 
Hanning filter described as: f-(0.5 + 0.5 cos [pi(f/ 
fm)®]) © where f = frequency, fm = Nyquist frequency, 
b = 2.5 and c = 5. 

Coronary angiography: Each opacified epicardial 
vessel was recorded in >1 nearly orthogonal projection. 
Interpretation was by visual consensus of 2 observers 
__ unaware of patient data. Stenoses between 30 and 70% 
in diameter were visually measured by computerized 
caliper (Sandhill). Stenoses >50% in diameter, aver- 
aged in 2 views, were considered significant. 





4-minute intravenous infusion of 0.56 mg/kg of dipy- 
ridamole. Ten minutes after infusion, 3 mCi of thalli- 
um-201 was injected. Image acquisition began 10 min- 
utes later. Redistribution imaging was performed 4 
hours after thallium-201 injection. Processing was per- 
formed as for exercise SPECT, 

Scintigraphic analysis: Oblique short-axis and hori- 
zontal and vertical long-axis tomograms were scored 
(3 = normal, 2 = mild/moderately reduced, | = mod- 
erately/severely reduced, 0 = no uptake) by consensus 
of 2 observers unaware of other patient data. Activity 
scores were assigned to 9 myocardial segments (antero- 
apical, anterobasal, apicolateral, basal lateral, infero- 
apical, inferobasal, apical septum, basal septum and 
apex) to derive a consensus of 0-, I-, 2- or 3-vessel 
CAD and CAD location (left anterior descending = 
anteroseptal and apex; left circumflex = lateral; right = 
inferoseptal). Quantitative analysis compared polar 
plots with normal data as previously described.'® Sig- 


SEPTAL DYNAMICS 
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nificant CAD was detected when exercise activity was 
>2.5 standerd deviations below the mean of normal 
over a contieuous area >4% of the left ventricular myo- 
cardium. 

Statistical analysis: Sensitivity and specificity were 
calculated by standard formulas, and were compared 
using Fisher’s exact test. Differences were considered 
significant a p <0.05. 


| BBB-EXERCISE 


B r d 
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RESULTS 

Sixteen patients (11 men and 5 women, mean 
age + standard deviation 63 + 8 years [range 51 to 69]) 
completed the protocol. Presenting clinical problems 
leading to exercise thallium-201 scintigraphy and coro- 
nary angiography were: typical angina (9 patients), 
atypical angina (2 patients), atypical chest pain (2 pa- 
tients), left ventricular dysfunction (without CAD, 2 





eet ts 


FIGURE 2. A. exercise thallium-201 tomograms of a patient with left bundle branch block (LBBB) with normal coronary arteries 
(oblique short-axis reconstruction). Exercise (rows 1 and 3) and redistribution (rows 2 and 4) arranged from apex (upper left) to 


base (lower mght). A partially reversible septal 


perfusion defect is seen between 7 and 10 o'clock. B, horizontal long-axis recon- 


struction (companion to A) arranged from inferior wall (upper left) to anterior wall (lower right). Partially reversible septal de- 
fect is seen ar left in stress tomograms. C, dipyridamole thallium-201 tomograms of same patient (images as in A Í 
rows 1 and 3, redistribution rows 2 and 4)). Septal perfusion is normal. D, horizontal long-axis (companion to C) images as in B. 


Septal perfusion is normal. 
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nt). Mean e) ercise time was 7.2 + 2.2 minutes, suffi- 
cient to achieve mean peak heart rate of 139 + 23 min- 
utes. Exercise was terminated because of fatigue (10 
: atients), dyspnea (4 patients) or chest pain (2 pa- 
ents). Eight patients had significant CAD (2 multives- 
single vessel). Sensitivity and specificity for CAD 
(visual and quantitative) during exercise and 
ip ridamole therapy are listed in Table I. Dipyrida- 
‘mole was superior to exercise with respect to specificity 
of CAD detection overall by quantitative analysis. This 
was also true in relation to specificity for detection of 
left anterior descending disease, both visually (Figure 
2) and quantitatively. There were 7 visually false-posi- 
-> tive exercise defects in the left anterior descending terri- 

` tory (4 reversible, 2 partially reversible, 1 fixed). Two 
ip were septal and 5 were anteroseptal. 






















DISCUSSION 
.. Our first reports of improved specificity of CAD de- 
tection in patients with LBBB by dipyridamole!7'8 
were followed by similar observations from other cen- 
ters. Morais et al!® noted fewer false-positive studies 
with dipyridamole than with exercise in 9 patients un- 
dergoing both tests, but only 5 underwent angiography. 
There is possible bias implicit in the false-positive 
“rates of exercise studies reported by DePuey et alé 
_ (90%) and ourselves (75% visual) in that these patients 
were selected to undergo coronary angiography. Jaz- 
mati etal” reported on 93 consecutive patients with 
LBBB who underwent exercise thallium-201, and only 
13 (14%) had septal defects. They had limited angio- 
- graphic data and could not refute the reported high 
prevalence of false-positive thallium studies, but con- 
cluded that exercise thallium-201. was a worthwhile 
‘test for patients with LBBB because abnormal septal 
perfusion was uncommon. In our laboratory LBBB was 
. present in 261 of 6,531 (4%) consecutive thallium-201 
studies. Of these, 24 were planar and 18 (75%) had 
-septal defects (0 of 1 with dipyridamole, 18 of 23 dur- 
ing exercise [78%]). SPECT was performed in 237 
~ -studies and 199 (84%) had septal defects (59 of 74 
with dipyridamole [80%], 150 of 163 during exercise 
- [86%]). This suggests a higher prevalence of CAD than 
in Jazmati’s cohort. In such referral populations, high 
specificity will enhance the usefulness of dipyridamole 
over exercise thallium-201. 
Several mechanisms of exercise perfusion defects in 
patients with LBBB without CAD have been proposed, 
: including prolonged compression of septal perforators,° 
; reduced diastolic flow,?! small vessel CAD, septal fi- 
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spheres in dogs during right ventricular 
late LBBB is consistent with diminished $ 
sion with this abnormal conduction pattern 
myocardial metabolic abnormalities may coexi 
viding another mechanism. ° 

Reversible and fixed false-positive a defec 
were observed in this study and others.!%20 False-pos 
tive dipyridamole studies also occurred. This might 
cur as a wall motion artifact; however, our hypot 
sis — that defects arise due to ventricular async 
ny, unequal systolic wall tension, and unequal ņ 
sion governed by autoregulation: ~~lends itself to fu 
speculation. Although myocardial fibrosis could lea 
secondary development of LBBB, alternatively lon; 
oe LBBB could cause septal thinning analogo 

“disuse atrophy.” In this context, it will be inte 
re to examine whether new-onset. LBBB is assoc 
with reversible exercise septal defects and normal di 
ridamole studies, which progress to fixed exercise or ¢ 
pyridamole septal defects (with septal thinning) 
both, occurring later as a sign of chronic conduction 
delay. Also, with relation to true-negative LBBB exer- 
cise thallium-201 studies, the septum may be activated E 
without delay by “arborization block”!!! and septal mo- 
tion may be normal.!3 | oe 

Identification of CAD i in patients. with LBBB hay os 
major prognostic importance, and we believe that — 
the diagnostic accuracy of dipyridamole thallium-201. 
SPECT establishes this modality as a preferred nonin- 
vasive diagnostic test. Our results are consistent with 
the more general hypothesis that pharmacologic vasodi- 
lation and use of a tracer with uptake related to flow 
are required for accurate noninvasive diagnosis of CAD 
in patients with LBBB. We therefore anticipate that 
adenosine stress and technetium-99m sestamibi and _ 
teboroxime will have comparable diagnostic accuracy. 
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_ namic and humoral effects of the £.; antagonist, 

-Ba agonist, celiprolol, were compared with those 

-of more prolonged atenolol therapy in 12 pa- 

_ tients with essential hypertension. Celiprolol pro- 
- duced an immediate dose-dependent decrease in 


mean arterial pressure (113 + 3 to 102 + 2mm 


».. Hg; p <0.001) and total peripheral resistance 
 (49+3 to 38 + 1 U/m?; p <0.005) that was as- 
sociated with an increased heart rate (67 + 1 to 
73 + 2 beats/min; p <0.01) and cardiac index 

- (2,347 + 129 to 2,708 + 111 mi/min/m*; 

-p <0.01). Both celiprolol and atenolol reduced 

` mean arterial pressure with short-term treat- 
Sip sana We: leap sot 

` duced total peripheral resistance with celiprolol 
(from 24 + 1 to 21 + 1 U/m*; p <0.02) and was 
not observed with atenolol. Moreover, in con- 

_ trast with atenolol, celiprolol did not change 

_ heart rate or stroke and cardiac indexes. 

` Splanchnic and forearm vascular resistances de- 
- creased with celiprolol (p <0.05) but not with 
blood flow. These results demonstrate that the 
hemodynamic effects of celiprolol were strikingly 


al pressure and total peripheral and certain vas- 
cular resistances without altering heart rate, 
- cardiac index or regional blood flows. These ef- 
fects may be explained by celiprolol’s cardiac 2., 
receptor inhibitory and peripheral 8.2 receptor 
agonistic effects. 
(Am J Cardiol 1991;68:509-514) 
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odynamic Effects of Celip 
Essential Hypertension 


_ Edward D. Frohlich, MD, Reinhard Ketelhut, MD, Ulrich R. Kaesser, MD, 
Christoph J. Losem, MD, and Franz H. Messerli, MD 


i ; The immediate and short-term (2 week) hemody- 


sponses to atenolol. 





D) eta-adrenergic receptor blocking agents. ‘have l 
been used for >25 years for the safe and effec- 

D tive treatment of hypertension,’ although th yo 
are contraindicated in some patients because of some of _ 


their cardiopulmonary effects.? A new diethylurea-sub- 
stituted 6-adrenergic receptor blocking agent, celiprolol, 
offers some novel pharmacologic features that may ob- 
viate some of these contraindications because of its Ba aa 


adrenergic receptor agonistic and intrinsic sympathomi- 
metic activity in addition to its 84 adrenergic receptor 
inhibitory actions.*4 This report details the immediate 
(i.e., intravenous) and short-term (2 weeks) hemody- o 
namic and humoral effects of celiprolol, comparing _ 
them in the same patients with mild to moderate essen- 
tial hypertension who had responded to treatment with ae 
atenolol, an established -blocker. “8 


METHODS 


Patients: Twelve patients (8 men, 8 white) with _ : 
mild to moderately severe essential hypertension whose- 


ages ranged from 40 to 70 years (average 50 + 3) were = 
studied. Each patient provided informed consent toa- 
protocol previously approved by our institution’s human 
use committee. Their body mass indexes, mean arterial 
pressures and heart rates were 29.0 + 2.3 kg/m, 115 
+3 mm Hg, and 67+ 2 beats/min, respectively. Pa- 
tients were included in the study if their clinical evalua- 
tion failed to demonstrate a specific cause for their hy- 
pertension, there was no evidence of target organ in- — 
volvement, and during the placebo washout period of 3 
weeks, supine diastolic pressures decreased to between 
90 and 114 mm Hg. Their clinical evaluation included 
history, physical examination, electrocardiogram, chest 
roentgenogram, complete laboratory screening (hemo- 
gram, automated battery of blood chemistry, urinaly- 
sis), and noninvasive hemodynamic evaluation deter- 
mined using 2-dimensional~guided M-mode echocardi- 
ography. Moreover, only patients were included who 
had responded to prior 8-adrenergic receptor inhibitory 
therapy (with atenolol) in order that the hemodynamic 
responses to celiprolol could be compared with re- 
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Control 






eal pressures (mH 





- Systolës 148 + 6 

-Diasto 95 +2 

Mean 113 +4 

: Heart rate(beats/min) 64 +1 

~~ Stroke inciex (mi/beat/m2) 3644 
< Cardiac adex (mi/min/m2) 2,295 + 218 

51£3 


~ Total pergpheral 
"ee index (U/m?) 





Arterial pressures (mm Hg) 





Systolic 147 +5 

Diasto: 954 

Mean 112 43 
Heart ratz{beats/min) 68+ 2 
Stroke index (mi/beat/m?) 36 +2 
Cardiac isdex (mi/min/m?) 2,445 + 154 
Total percheral 

resistaxce index (U/m?) 47 +1 






*p <0.01; tp «3.05, 
Vaiues are mear z standard error of the mean. 


recent 4 weess of treatment was 50 to 100 mg (average 
65 +8). At the end of this atenolol period (phase I), 
-` the first hemedynamic evaluation was obtained and the 

atenolol dose was tapered and withdrawn to permit en- 
trance into 2 3-week placebo period (phase II). At the 
end of phase: I, a second series of hemodynamic studies 
was performd, after which celiprolol was administered 
intravenously. This was achieved by slowly infusing 10 
ml of saline «olution (0.9%), followed by 3 successive 
celiprolol ingsctions calculated to deliver 0.071, 0.071 
and 0.142 ma/kg to 4 patients and 0.106, 0.106 and 
0.212 mg/kz to 8 patients. In I patient the infusion 
was termina:ed after the initial 0.106-mg/kg dose be- 
cause arterial pressure had been reduced to normoten- 
~ sive levels. Each dose was administered over a 5-minute 
` period, then allowed by a 10-minute observation period 


oral celiprole. period (phase III), all patients received 
: 400 mg once daly, at the ena of which the third hemo- 






“cluded humcmal measurements, was performed after an 
overnight fast and involved insertion of a venous line for 
‘withdrawal @° blood samples and regional blood flow 
“studies. All -rocedures were obtained after at least 1 
: hour of rest n the apne FS 








0.07 


Low Doses 


148 + 5 145+9 143 + 6* 
95 +2 91+ 3 89 + 2ł 
113 + 3 109 + 4 107 + 3ł 
67 + 2 68 +2 70 +2. 
38 +2 37 +2 38 +2 
2,540 + 103 2,505 + 121 2,644 + 87 
4543 44 +43 


High Doses 


134 +44 129 + 4t 
85 + 4* 85 + 2* 82+2* 
101 + 4* 99 + 3* OB 4 Be oo 
71 + 2+ 70+ 2 Bid 
36 +2 40 + 1 3942 
2,545 + 142 2,757 + 83 2,829 + 145t 
4242 37 ż It 35+ 1* 


to establish kemodynamic stability. During the 2-week. 


Each of the 3 File evahiations, which in- 


| o a of. measurements, as 


Caliprotol (gle: ne aE ae 









0.14 


















41 +2. 







129 + 4* 

























of either 2.5 or 3.75-MHz frequency. The technique for 
visualization of the left ventricle has been described in 
detail.> In brief, left ventricular wall thicknesses and 
dimensions were measured.® End-systolic and end-dia- » 
stolic volumes were calculated,’ and cardiac output was 
determined by multiplying end-systolic—diastolic vol- 
ume differences by heart rate. This noninvasive deter- 
mination of cardiac output estimated by echocardiogra-.__ 
phy correlates closely with concomitant indicator-dilu- 
tion measurements obtained with indocyanine green _ 
dye dilution curves.5 Total peripheral resistance was — 
calculated from the mean arterial pressure (diastolic i 
pressure plus one-third of pulse pressure) divided by 
cardiac output. Left ventricular mass was determined < 
by corrected criteria proposed by Devereux.’ Left ven- 
tricular systolic functions were assessed from measure- 
ments of cardiac output, fractional fiber shortening, 
ejection fraction and velocity of circumferential short- 
ening.?"!! Left ventricular preload was assessed as end- 
diastolic volume divided by body surface area, and wall 
stress was used as an index of- afterload. 12 ‘Diastoli 
functions were determined by computer assisted. analy- 
ses (model DPS/EC 500, Digisonics, Houston, Tex- 
as).!3 All echocardiograms were read: independently by 
2 investigators with interobserver variability for septal 
thickness and other measurements being 6 to 8%, Te- 























lemody! amic and H Humoral Effects of Celiproioi Infusion in 12 Patients 





Maximal Doser l 





Saline 






Hemodynamics 

















148 + 4 13424 <0.01 
95+ 3 8422 <0.001 
11223 IOl+2- <0.001 
67 +.1 7322: > : <GO.01 
35.+ 2 37.42. He NS 
2,347 + 129- 2,708 + 111 i 






4923 38tl 








Forearm n Hemodynamics 


5.4 + 0.5 6.4207 





ae Total k ant few 
Total forearm vascular resistance - 











Skin vascular resistance (U)} 


ee AZo eg ac 18+ 2 <0.001 
‘Skeletal muscle blood flow (ml/100 mi/min) » 41404, kue i 
Skeletal muscle vascular resistance (U) (3244. 2At3 <0.01 
Skin blood flow (mi/100 mi/min) | be od 9 E ee a SP 2 102 ye NS 
134 + 32 oo 1804 BB NS 






Echocardiographic Data 





5 Erd- diastolic volume index (mi/m2) 







». End-systolic wall stress (103 dynes/em?) 44+ 4 | 86+3.0° °°. 
`. Ejection fraction (%) | 65+3 OFT NS 
_ Fractional fiber shortening (%) (3642 |: 2 NS 
Velocity of circumferential fiber shortening (circ./s) 12+ 0.1 13+ 0.1 . NS 
End-systolic wall stress/end-systolic volume index. 2.3401 2.2'+ 0.1 | NS 






(103 dynes cm2/mi-m2) 







Hurnoral Substances 






Norepinephrine {pg/ml} 
Epinephrine (pg/ml) 
Plasma renin activity (mg/mi/hour) 


39 + 5 42 +6 NS 
| l.l £0.2 0.8:+.0.1 NS 
co *iftravenous administration of 0.284 and 0.424 mg/kg of Pai in 4 and 7 patients, respectively; of the latter 7 patients, 1 received only 0.106 mgkg. 


nev oi Valves are mean + standard error of the mean. 
| - cire. ae = circumference; NS = not significant. 
















-tolic dimensions and other measurements (r = 0.86 and 
0.90), respectively. !4 

Plasma volume was measured with I!*>-labeled hu- 

man. serum -albumin,!> and total blood volume was cal- 


ter supine rest and were measured by the radioenzy- — 
matic and radioimmunoassay methods, respectively. = 

To demonstrate statistical significance, a -way . 
analysis of variance for repeated measurements was 





culated from plasma volume and hematocrit. Renal 
~ blood flow was determined from measuring the clear- 
ance of I-labeled para-aminohippurate. '5. ‘16 Glomerular 
; filtration rate was calculated from 24-hour endogenous 
creatinine clearance. ‘Splanchnic blood flow was deter- 
mined from the plasma clearance of 50 mg indocya- 
nine 
flow (including skeletal, muscular and cutaneous blood 













ume during venous occlusion before and after excluding 
hand blood flow.'*'8 The difference between total fore- 
<> arm and hand-excluded flows represent skeletal muscle 
¿> flow; hand flow is considered to be primarily skin 
flow.'* Three to 5 successive forearm flow measure- 
ments were obtained in each patient and averaged in 
order to obtain these flow measurements. Plasma c cate- 










RESULTS — 
green dye and hematocrit.!? Total forearm blood — 


_ flows) were estimated from the increased forearm vol- 





rial Linge were. ocan nA 10 L <0 a. 12 p 


used with subsequent paired comparison with the Bon- 


ferroni-Holm -correction.?! All results are presented as - | 
mean + I standard error of ‘the mean. 


} _etfects: To A of ; 
the 2 incremental low. and the 3 incremental high celi- 





prolol doses over 35 minutes reduced systolic, diastolic 


and: mean “arterial pressure in all patients. However, | 


patient received only the ‘initial (of the high) dose se- | 


quence because her arterial pressure was reduced im- ; 
mediately to normotensive levels. The hemodynamic ef- _ 


fects of the successive low. (4 patients) and higher dose 


(8 patients) sequences of intravenous celiprolol are list- 
ed in Tables I and II. Systolic, diastolic and mean arte= 






mic Indexes After Short-Term Treatment with At 


Heart rate (zats/min) , 
Stroke indez{mi/beat/m?) 
Cardiac indez (mY/min/m?) 
Total peripheral resistance index 


Humoral sucstances and blood 
~ volumes 
< Total blows: volume (ml) 
Total plasma volume (mi) 
<o Norepineanrine (pg/ml) 
os Epinphrire (pg/ml) 
Plasma resin activity 
_{ng/misrour) 


D Ap are meant standard error of the mean 


Atenolol 


134 + 3 
90 + 2 
105 +2 
58+3 
38 +2 
2,160 + 100 
25 4-2 


4,732 + 265 
2,945 + 162 
287 + 44 
37 +6 

1.0 + 0.2 


1484 
953.3 
113 +3 
67 +1 
3542 
2,350 + 130 
24+1 


-5,104 + 265 


3,103 + 161 
(233 + 26 
35 +5 
102+0.1 


Values 


Celiprolol 


136 = 3 
89+ 1 
104 +1 
7x2 
37 & 2: 
2,530 + 110 
2i+i 


4,996 + 321 
3,115 = 395 .. - 
260 + 25 
3448) 
1.4 +03 


- “pl = atenolol veesus placebo; p2 = cheat versus s placebo; pa atenolol versus sell NS = “not sve 


TABLE IV Regional Hemodynamics and Renal Function After Short-Term Treatment with Atenolol, Placebo and Celiprotol 


Vasc Bature 


Splarccinic 
Bicz flow (ml/min) 
Vasqular resistance (U) 
Forearm 
Tot forearm 
Eod flow (mi/100. ml/min) 
vascular resistance (U) 
Skis 
Ebod flow (mi/100 mi/min) 
\escular resistance (U) 
Skelstal muscle 
Efod flow (mi/100 ml/min) 
\escular resistance (U) 
Rena’. 
Biazi flow (ml/min) 
Vascular resistance (U) 


Giomaular filtration rate (mi/min} 


Filtrafan fraction (%) 

Serura creatinine (mg/d!) 
Creatrine clearance (ml/min) 
Serura uric acid (mi/dl) 


Atenolol 


588 + 41 
19 +2 


5.0 + 0.6 
31624 


1.2 + 0.2 
127 + 23 


3.8 + 0.5 
32 +3 


766 + 38 
1441] 

108 + 6 
24 + ] 


-1,04 + 0.04 


11648. 
§.6 + 0.5: 


Placebo | Celiprolo! 


680 + 43 759+ 61 
l1 15 lto 


5.3 + 0.5 5.7 = 0:5 
31.9% 4 ; 20.022" 


12+0.1 1.320.) 
134 + 32 88 + 13* 


4A1+04 "Aatos 
3244 96 +O 


842 + 65 800 t58 
1441 Pee Fe oA hee 

113 £7 Lb 6 
2542 : 25+) 

1.01 + 0.07 -1.03 + 0.06 

125 + 13 BE BO 
5420.4 i . 6§4A+ 0.5 


*p <6. 05. 
Values are meas 1 standard error of the mean. 


cardiac indez (p <0. 01) and a 22% dëdihe i in 1 total pe- cpl e< <0. 01 it but let ventricular ejection fra 5 
ripheral resistance index (p <0.005; Table Il). Plasma p at 
n norepinephrize concentration. increased after celiprolol ~c cir 
- (p <0.02) and its. associated. reduction in arterial pres: I TI). 
sure. Plasma renin activity did not change. f es 
Forearm muscle flow increased by 22% (p <0.01); | 
å this was. associated with a 25% reduction in skeletal Pa P once = daily; b boib. 5 significam. x e 
ce vascl.a ar resistances a. <0. ol; TODE fue Cuta- duced arterial ay to 0 mohe levels. {Tat 









: ‘he faster heart rate and greater 
stroke index accounted for a higher cardiac index with 
celiprolol than with atenolol (p <0.05; Table II). 

- Left ventricular wall thicknesses and mass and dia- 
stolic dimension did not change during the 3-week pla- 
~: . eebo period after atenolol and the short 2-week treat- 

ment. period of celiprolol. However, splanchnic and 
y (including skeletal muscular and cutaneous) 
resistances declined with celiprolol but not 
nolol (Table IV). Neither 8 blocking drug af- 
ted renal blood flow. Norepinephrine levels at the 
. nclusion of oral therapy with both agents were simi- 
ee Jar to the placebo levels, and neither agent expanded 
intravascular volume (Table III). 

























~ DISCUSSION 
. The results of this study demonstrate that the im- 
mediate and short-term hemodynamic effects of the 
newer -adrenergic blocking drug, celiprolol, were 
_ strikingly different from those reported for the earlier 8 
-o blockers.?2-2>- These hemodynamic differences reflect 
their different pharmacologic properties. Both atenolol 
~- and celiprolol have cardioselective @., inhibitory proper- 
ties, but only celiprolol acts as a peripheral 8. adrener- 
gic receptor agonist having additional intrinsic cardiac 
sympathetic activity.34262? 
After intravenous administration, propranolol (or 
other similar agents) reduces heart rate and cardiac 
output; this is not associated with a decrease in arterial 
-—  pressure.?226 In contrast, immediately after its intrave- 
nous administration, celiprolol reduced arterial pres- 
sure. This response was similar to intravenous dilevalol, 
a pharmacologic agent having similar properties? and 
labetalol, a different type of compound having a- as 
«well as B-adrenergic receptor inhibitory properties.” 
The tmmediate pressure decrease with celiprolol 
=». persisted with oral therapy, and this remained associ- 
< ated with a reduced total peripheral resistance. Heart 
rate and cardiac output, which reflexively increased im- 
-> mediately after intravenous celiprolol, was related to in- 
-> creased circulating norepinephrine, changes that revert- 
-ed to pretreatment levels by the end of the 2 week 
treatment. 
These findings of an immediate reduction in arterial 








pressure associated with a reduced total peripheral re- 
sistance, presumably related to arterial dilation, was 


=. confirmed by the reduction in forearm and splanchnic 
vascular resistances. Forearm resistance reduction had 
been reported earlier by Mancia et al. In contrast to 
the forearm hemodynamic alterations, renal hemody- 
m ics remained unchanged. These renal hemodynam- 















nal sitculatory changes 





eduction in 1 total peripheral resistance longed treatment?! and to our earlier finding 


_ Recent advances in the use of end ue indexes. Cardiovasc Rev Rep 


and initial application. Circulation 1982;65:99-108. 
` 43. Upton MT, Gibson DG. The study of left ventricular function from digitized 


ding: ‘tension. Circulation 1978:58:441-448,. 
ic findings are similar to those of others who were un- 46 Saimin LA, 3 

















atenolol?> and nadolol.*? 

Finally, the hemodynamic alterations induced 
liprolol were not associated with changes in intr 
lar volume, a finding that is consistent with that of | 
lier @-receptor antagonists.??-2>3233 However, in co 
trast to some of the earlier @-blocking agents, which 
reduced plasma renin activity,23> celiprolol had 
such effect. The hemodynamic changes produced by 
travenous and oral celiprolol, may be explained by 
cardiac 8., receptor inhibitory and peripheral 8.7 rece 
tor agonistic effects. These changes suggest a mo 
physiologic action of this new class of -adrenergic r 
ceptor blocking agent for the hypertensive patient: re- 
duction of arterial pressure and vascular resistance — 
without altering heart rate, cardiac output and regional 
blood ee | 
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= it has been suggested that changes in left atrial 
== pressure may mask or mimic left ventricular dia- 
> stolic function abnormalities detected by Doppler 
echocardiography. The effect of the Valsalva 
>- maneuver on the transmitral flow velocity profile 
was therefore studied in 28 patients without evi- 
eae dence of coronary artery disease (group 1, mean 
age + standard deviation 50 + 8 years) and in 94 
-patients with evidence of coronary artery disease 
or systemic hypertension (group 2, mean age 
54 + 10 years). At baseline, group 2 patients 
> had higher peak late diastolic filling velocity (A), 
-- flower peak early (E) to late diastolic filling veloci- 
~ ty (E/A) ratio and longer isovolumic relaxation 
time than group 1, whereas heart rate, E veloci- 
ty and E deceleration time were similar in both 
groups. During Valsalva, both groups had simi- 
lar increases in heart rate and similar decreases 
in E velocity but E/A ratio decreased significant- 
ly only in group 2 because of a lesser decrease in 
t- A velocity. The E/A ratio was = 1.0 both before 
and during Valsalva in all but 1 patient in group 
1, whereas in group 2, 32 patients had E/A 
21.0 at rest and during Valsalva, 33 patients 
< had E/A =1.0 at rest but <1.0 during Valsalva 
and 29 patients had E/A <1.0 both at rest and 
‘during Valsalva. Using group 1 as controls, 
prevalence, specificity and positive predictive 
value of E/A <1.0 in group 2 were 31, 100 and 
100% at rest and 66, 96 and 98% during Val- 
sativa. The correct classification of patients in 
groups 1 and 2 on the basis of E/A ratio <1.0 
was 47% at rest and 73% during Valsalva. This 
< study shows that the Valsalva maneuver is an 
Be easy means of obtaining a reduction in left atrial 
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pressure during Doppler echocardiography and 

helps unmask otherwise unsuspected diastolic 

function abnormalities. : n 
(Am J Cardiol 1991;68:515-519) A 


malities have been reported in various forms of 

heart disease.! However, some investigators? — 
have emphasized that the. Doppler transmitral flow ve- 
locity profile used to detect such abnormalities is not 
only sensitive to changes in diastolic function, but also 
is responsive to changes in pulmonary venous return. 
Therefore, Choong et al? suggested that a reduction in 
left atrial pressure may change the transmitral flow ve- 
locity profile in a manner that mimics the abnormalities. 
previously reported with impairment of LV diastolic 
function, whereas other investigators* reported thatan 
increase in left atrial pressure may mask LY relaxation _ 
abnormalities. For these reasons, caution has been ad- 
vocated when interpreting Doppler-derived indexes of 
LV diastolic function’~’; further investigations taking 
into account the effects of left atrial pressure have been 
recommended. The Valsalva maneuver is a relatively 
simple and easily applicable method of acutely reducing 
venous return.® The objective of this study was to deter- 
mine if the Valsalva maneuver could help. better ac- 
count for the effect of left atrial pressure on the trans- 
mitral flow velocity profile and better differentiate be- 
tween patients with and without LV diastolic function 
abnormalities. 


L eft ventricular (LV) diastolic function abnor- a 


METHODS : 

The study population consisted of 122 consecutive - 
patients (88 men and 34 women) aged 31 to 75 years 
aed age + standard aao 53 + ye referred. 









P = 94) 


54410 <0.05 
68+13 NS 






50 +8 
69 + 10 





70 +13 69 + 16 NS 





ÅA 53 215 60 + 20 < 0.05 
cs (erm/s) 
CEJA ratio 14+03 12+05 <0.01 
< E deceleratioatime 187 + 40 197 + 58 NS 
~ (ms) 
_-Jsovolumic reexation time 80 + 8 96216 <0.001 


~ (ms) 








“Values are mestt 1 standard deviation. 
. Avetlocity = pes late diastolic filling velocity; E velocity = peak early diastolic filling 
oe | megs NS = nee significant. 





































-> nary artery disease), typical angina pectoris (24 pa- 
tients), prevéous myocardial infarction (16 patients), 
-previous corsnary artery bypass surgery or angioplasty 
(13 patients 
~~ Doppler schocardiographic examinations were per- 
formed on ether an ATL Mark 600, a Hewlett-Pack- 
~ard model 77020A or a Toshiba model SSH165 ultra- 
sound syster=. The study was performed on the same 
day as the =ress test during the period between the 
“thallium scaz performed immediately and 4 hours af- 
ter the stress. test. No patient had to be excluded be- 
cause of a technically inadequate study; all patients 
were in normal sinus rhythm and none had evidence of 
significant velvular disease. Measurements were ob- 
tained by 2 independent observers who had no knowl- 
edge of the clinical history or the results of the stress 
test, and disagreements were resolved by consensus. 
Measuremerts obtained for the purpose of the study 
included peas E velocity (peak transmitral flow velocity 
during early diastole), peak A velocity (peak transmi- 
tral flow velceity during late diastole), deceleration time 
(time elapsed between peak E velocity and the point 
where the extrapolation of the deceleration slope of the 
E velocity crasses the zero baseline), and isovolumic re- 
— laxation time {time elapsed between aortic valve closure 
-and mitral væve opening). Peak E and A velocities and 
E deceleration time were obtained from pulsed-wave 
_ Doppler reccadings in the apical 4-chamber view with 
_ the sample valume placed at the tip of the mitral valve 
where the m-tral flow velocity signal is the highest. Iso- 
volumic relaxation time was obtained from continuous- 
wave te vad see Sesh in mhe fers ee ya the 










































Variable 
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Heart rate +3 t 7* 





























(beats/min) 
E velocity —~20 + 8 ~22+ 10} NS 
{cm/s} 
A velocity -13+10f -45+13t <0.001 
(cm/s) 
EJA ratio —0,] + 0.3 -0.3 + 0.3} <0.01 
E deceleration +21 + 62 +45 + 67} NS 
(ms) 
isovolumic relaxation time +15 + 7t #18+ 14¢ NS 


(ms) 









Values are mean + 1 standard deviation. — 
Neots of changes within each group: “p <0.05; tp <0.001; tp <0.01. 
= not significant. 


respiration, baseline measurements were obtained while. 
the patient was asked to briefly stop breathing at end- 
expiration. The same measurements were then repeated 





during phase II of the Valsalva maneuver. Particular 


care was taken to ensure that the pulsed Doppler sam- 
ple volume remained positioned as mentioned before 
and still recorded the highest transmitral flow velocity. 
The Valsalva maneuver typically induces a progressive 
decrease of E velocity. Measurements were obtained 
when the decrease in E velocity was maximum, and the . | 
Valsalva maneuver was considered valid only if there - 
was >10% decrease of E velocity. In the case of an. 
unsatisfactory recording, the patient was further in- 
structed and asked to repeat the maneuver with a more 
shallow inspiration. A successful study of the transmi- 
tral flow velocity profile was possible in all patients but 
continuous-wave Doppler recordings of isovolumic re- 
laxation time were unobtainable at rest or during Val- 
salva in 23 patients. 

The patients were divided into 2 groups: group 1 
consisted of 28 patients with normal results during ex- 
ercise thallium study and no evidence of heart disease 
or hypertension; all had been referred for evaluation of 
atypical chest pain. Group 2 consisted of 94 patients => 
with a positive result for ischemia on thallium stress — 
testing (n = 48) or other evidences of disease such as: _ 
coronary artery disease on angiography (n = 19), previ- 
ous myocardial infarction (n = 19), and hypertension 
(blood pressure > 160/95 mm Hg on >3 separate occa- 7 a 
sions, n = 8). Continuous variables are expressed aso si 
mean + | standard deviation. Statistical comparisons. 
were performed using either the Student z test for com- 
parisons between groups or the paired 7 test to evaluate 
differences in measurements before and after the Val- 
salva maneuver. — a 









measurements comparable to previously reported nor- 
mal values. Significant differences observed in group 2 
compared with group | were a slightly older age, a 
slightly higher A velocity, a lower E/A ratio, and a 
longer isovolumic relaxation time. The E/A ratio was 
> 1.0 in all patients in group 1 and in 65 patients (69%) 
in group 2. 

Changes observed during Valsalva are listed in Ta- 
ble II. Both groups had similar increases in heart rate 
and similar decreases in E velocity (—28 vs —32%, 
p = not significant) but E/A ratio decreased signifi- 
cantly only in group 2 owing to a lesser decrease of A 
velocity in this group (—22 vs —8%, p <0.001). On an 
individual basis, E/A ratio was 21.0 both before and 
during Valsalva (Figure 1) in all patients except 1 in 
group | (E/A during Valsalva = 0.96), whereas in 
group 2, 32 patients had E/A 21.0 at rest and during 
Valsalva, 33 patients had E/A 21.0 at rest but <1.0 
during Valsalva (Figure 2) and 29 patients had E/A 
<1.0 both at rest and during Valsalva. In patients with 
E/A 21.0 at rest becoming <1.0 during Valsalva, E 
velocity decreased to a greater extent than in group | 
patients during Valsalva (—37 vs —28%, p <0.001), 
whereas A velocity actually increased instead of de- 
creasing (+10 vs —22%, p <0.001). Assuming that 


, = ba 


FIGURE 1. Transmitral flow velocity profile at rest and during 
Valsalva in a patient without evidence of disease. During Val- 
salva, E and A velocities decrease and E/A ratio remains 
>1.0. 


E/A <1.0 is a marker of abnormal diastolic function 
and using group | as controls, prevalence, specificity 
and positive predictive value of E/A <1.0 in group 2 
were 31, 100 and 100% at rest and 66, 96 and 98% 
during Valsalva (Figure 3). The correct classification of 
patients in groups | and 2 on the basis of E/A <1.0 
was 47% at rest and 73% during Valsalva. No signifi- 
cant differences in prevalence of E/A ratio <1.0 was 
observed between patients with positive results during 
thallium study and those with other evidence of disease. 


DISCUSSION 

There is no gold standard for detecting LV diastolic 
function abnormalities, and the transmitral Doppler 
flow velocity profile is known to be influenced by fac- 
tors such as age, heart rate and ventricular loading con- 
ditions.? For these reasons, we elected to evaluate the 
response of the Doppler indexes of diastolic function to 
changes in ventricular loading conditions in a large 
group of unselected patients, some of whom would like- 
ly be without evidence of heart disease and others with 
disease known to be associated with diastolic function 
abnormalities. We hypothesized that in patients with 
normal LV relaxation and normal left atrial pressure, a 
reduction in venous return would result in an overall 





FIGURE 2. Transmitral flow velocity profilet rest and during 
Valsalva in patient with coronary artery disease. During Val- 
salva, E velocity decreases but A velocity increases, resulting 
in marked decrease of E/A ratio <1.0. 
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decrease oF LV filling velocities without significant 
change in =/A ratio such as previously described in 
acute anima studies.’ In patients with abnormal relax- 
ation and h:gh left atrial pressures, a decrease of venous 
return woud produce a reduction in initial (E) filling 
velocity. Ths could occur without a corresponding de- 
crease in A velocity, given that early left atrial empty- 
ing is still aanormal and that with a lower pressure reg- 
imen the eraptying due to atrial contraction may actu- 
ally tend to -ncrease instead of decrease.® In such case, 
the E/A rato would decrease and this could help dif- 
ferentiate between normal and so-called “pseudo-nor- 
mal’’* transmitral Doppler flow velocity profiles. The 
Valsalva maneuver was chosen as the technique for re- 
duction of acrial pressures because it is rapid, simple, 
noninvasive and easy to apply clinically.* As expected, 
it produced a slight increase in heart rate and a de- 
crease in E velocity, reflecting a decrease in the early 
diastolic gradient between left atrium and left ventricle 
due to a decrease in venous return. This reduction in E 
velocity, which was 210% in all patients, can be used 
to verify that the Valsalva maneuver is properly per- 
formed. However, a change in position of the Doppler 
sample volume may artifactually reduce the E velocity 
as well as the E/A ratio, and it is therefore important 
to recheck -1e position of the sample volume before 
performing measurements. 

The patients in group | had no evidence of heart 
disease and *ere used as controls. The Valsalva maneu- 
ver in this group produced relatively similar extents of 
decreased E and A velocities (28 and 22%, respective- 
ly) and, as hypothesized, there was little change in 
E/A ratio, hich remained 21.0 in all but 1 patient. 
Choong et a? observed decreases in E/A ratio <1.0 
during nitrcelycerin administration and stated that a 
reduction in falling pressures could “mimic” LV diastol- 
ic function cdnormalities. However, 10 of their 11 pa- 
tients had evadence of coronary artery disease or previ- 
ous myocarczal infarction. Stoddard et al? also reached 





similar conclusions, but their measurements were ob- 
tained at the level of the mitral anulus rather than at 
the tips of the mitral valve, and the average E/A ratio 
in their group was <1.0 both before and during nitro- 
glycerin infusion. More recently, Lee et al? obtained 
measurements at the tips of the mitral valve in 10 nor- 
mal subjects and observed a significant decrease in E 
velocity but no significant decrease in E/A ratio after 
nitroglycerin infusion, consistent with the results of the 
present study. Our results as well as those of Lee et al? 
suggest that if measurements are taken at the tips of 
the mitral valve, there is little chance of “mimicking” 
of diastolic function abnormalities by reducing pulmo- 
nary venous return in normal patients. 

There clearly were 3 types of responses to Valsalva 
in our group 2 patients. Because there was only a slight 
difference in age between groups and heart rates were 
comparable, these different types of responses to Val- — 
salva are likely related to the underlying state of relaxa- 
tion and to ventricular loading conditions. The response 
in patients with E/A 21.0 at rest and <1.0 during 
Valsalva is consistent with previous descriptions of a 
“pseudonormal” pattern,? i.e., the underlying state of 
relaxation is abnormal but masked by increased left 
atrial pressures. The fact that the A velocity increased 
rather than decreased in these patients also confirms 
that this response is clearly different from that observed 
in other subgroups as well as in normal subjects. As 
previously suggested,* this pattern may represent a 
more advanced stage of disease given that it reflects 
both an abnormal pattern of relaxation and higher left 
atrial pressures. On the other hand, it cannot be exclud- 
ed that in some patients with heart disease and E/A 
= 1.0 at rest and during Valsalva, the decrease in atrial 
pressures produced by Valsalva was not sufficient a 
enough to unmask an underlying relaxation abnormali- 
ty, particularly if A velocity increased instead of de- 
creased, as was the case in 3 patients (9%) with this 
type of response. 


FIGURE 3. Prevalence (PREV), specificity 
(SPEC) and positive (POSI) predictive val- 
ue of E/A <1.0 at rest and during Valsalva 
in 94 patients with evidence of coronary 
artery disease or hypertension. 
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t is now generally accepted that non-Q-wave acute 
-= myocardial infarction (AMI) represents an abort- 


+ 


ve infarction that culminates in an “in- 








ardial salvage.!-3 The precise pathogenesis of non-Q- 
wave AMI semains unclear. One of many proposed 
mechanisms which seems particularly attractive is that 
early spontae2ous reperfusion of a total thrombotic cor- 
onary occlusion occurs during the early course of non- 
: < Q-wave AML resulting in an “altered reflow” phenom- 
< enon. Another possible pathogenetic mechanism is that 
< the presence: of focal vasospasm superimposed on a se- 
< verely steno: infarct-related coronary artery abates 
‘abruptly, reselting in partial restoration of anterograde 
-coronary bload flow. In either case, altered early reflow 
would likely te a consequence of nonsustained coronary 
occlusion. 

Somewhe? analogous to “naturally occurring” non- 
Q-wave AM. is the incomplete infarction that results 
after acute thrombolytic therapy administered for 
evolving AN... Successful reperfusion with intravenous 
thrombolytic therapy has now been clearly established 
to decrease mortality, promote myocardial salvage and 
enhance left ventricular function in selected patients 
with evolving AMI.*° The early administration of 
these agents sroduces partial recanalization of a total, 
or subtotal, thrombotic coronary occlusion, which then 
culminates presumably in an aborted or interrupted in- 
-farction. The net effect of such therapy is a salutary 
reduction in -he magnitude of myocardial necrosis in 
„patients whose AMI was destined to be more extensive 
-(and presummbly transmural) in the absence of early 
coronary reperfusion. There are several observations 
“that support altered early reflow in naturally occurring 
-non-Q-wave AMI (Table I). Similarly, those features 
of incomplete infarction that are shared by non-Q-wave 
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ectro iographic C ‘orrelates of Reperfusi on 
us "After Thrombolysis: Is the “Incomplete” 

or “Interrupted” Infarction a 
Non-Q-Wave Infarction? | 
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ecrotic event with some degree of subepi- 


therapy. 10,11 More diminutive amounts 





AMI and the reperfused AMI after thrombolysis are _ 
listed in Table H. E 
The pathogenetic and clinical features that naturally 
occurring non-Q-wave AMI and the pharmacologically 
reperfused AMI share are both intuitive and compel- 
ling; therefore, it is tempting to postulate a conceptual ~ 
link between these 2 types of infarction as a singular + 
manifestation of an incomplete or interrupted infarc- 
tion. Figure | is a proposed schema of the character- 
istics and outcome after AMI—namely, the conse- 
quences of Q-wave and non-Q-wave AMI untreated 
with thrombolytic therapy, contrasted with that- of 
AMI treated acutely with thrombolytic therapy. In o 
many instances, it is difficult (if not impossible) to as- ae 
sess accurately the specific infarct subtype (Q-wave vs. 
non-Q-wave) after the patient’s admission to the hospi- 
tal. In the absence of thrombolysis, some patients with 
acute ST-segment elevation will rapidly develop Q 
waves, whereas others will evolve Q waves over the... 
course of days.’ Still others will not develop Q waves at. 
all, presumably indicative of non-Q-wave AMI with ae 
spontaneous coronary reperfusion. PE 
Thus, it may be more appropriate to regard AMI as 
“electrocardiographically undifferentiated” during the 
first several hours after the index event (Figure 1), until 
such time as the electrocardiogram (ECG) evolves over 
a sufficient time period (generally 24 to 48 hours)” 
However, from a practical standpoint, this is not a fea- 
sible strategy, because decisions regarding the use of. 
acute thrombolytic therapy must be made emergently, = 
before the ECG can serve to guide therapy. arai 
Nevertheless, the ECG is not totally useless as- a 
diagnostic tool for evolving AMI, and general guide- 
lines permit important clinical distinctions. For exam- 
ple, patients who present with prolonged chest pain 
in the context of 20.2 mV ST-segment elevation in 
2.2 contiguous electrocardiographic leads are likely. to. — 
evolve a Q-wave AMI in the absenċe of thrombolytic ` 
(0.1 to 0. 2 mV) 
































er ardia evidence of acute ST-segment elevation in 

-o L 40 to 45% of patients 

 time-to-peak creatine kinase release 

oe pic evidence of contraction band necrosis 

2 Low incidence of postmortem intracoronary thrombi 

High incidence of patent infarct-related coronary arteries at necropsy 

High incidence of incomplete coronary occlusion at cardiac catheter- 

ization within first 24 to 48 hours after AMI 

Thallium scintigraphic evidence of increased residual myocardial is- 

: chemia: in left ventricular segments. subtending the infarct-related 

ey. _ coronary artery 

E Lack of circadian. rhythm or diurnal variation in onset of non-Q-wave 
AMI 

Dynamic changes i in coronary vasomotor tone in the pathogenesis of 

reinfarction and recurrent ischemic events. 




















_ AMI = acute myocardial infarction. 


* ST-segment elevation on admission to the hospital.!> 
Accordingly, acute ST-segment shifts may be a poor 
predictor of subsequent Q-wave evolution.!? The impli- 
cations of this observation are that patients with non-Q- 
-o wave AMI, who appear to have a propensity to achieve 
- -reperfusion of their occluded infarct-related coronary 
-arteries spontaneously, may be indistinguishable from 
-patients with completely occluded coronary arteries 
who exhibit successful reperfusion after thrombolytic 
therapy. Thus, if a patient with evolving non-Q-wave 
- AMI were to receive thrombolytic therapy, it might be 
_ difficult to interpret whether angiographically docu- 
_ mented recanalization was a direct consequence of 
therapeutic intervention or a manifestation of spontane- 
ous reperfusion. 
<> Not only are ST-segment shifts unreliable predictors 
of subsequent Q-wave development after infarction, '3+!> 
but the subsequent development (or lack thereof) of Q 
_ waves may be exceedingly difficult to interpret in the 
~ context of thrombolytic therapy. With the exception of 
performing diagnostic coronary angiography to verify 
_ infarct vessel patency after thrombolysis, there are obvi- 
ous inherent problems in assessing reperfusion status 
< clinically or electrocardiographically. As mentioned, it 
is now becoming commonplace to refer to AMI treated 
-with thrombolysis as an interrupted or incomplete in- 
=: farction. Accordingly, there is legitimate uncertainty as 
to whether it is, in fact, appropriate to classify reper- 
< fused myocardial infarctions according to the common- 
¿> ly used dichotomous electrocardiographic designation of 
~~ Q-wave or non-Q-wave AMI. 
- In this issue of The American Journal of Cardiol- 
ogy, Chouhan et al!® describe the clinical and electro- 
-eardiographic features of 75 consecutive patients who 





















VNI T-segment elevation, a 





ter reperfusion, an to contrast the clinical, angiograp 


ECG, 57% of treated patients developed Q-wave AM. 


) resented oe with chest pain and anterior non 




















TABLE n Features of S infarction Shared 
Non-Q-Wave Acute Myocardial Infarction and Reperf : 
Myocardial Infarction After Thrombolysis n 











Subtotal coronary occlusion 

Early creatine kinase wash-out 

Preservation of global and regional left ventricular function 

High incidence of reinfarction and postinfarction angina 

High incidence of residua! yoce rja; ischemia during noninvasive 
testing 



















ic, enzymatic and postinf: arction ischemic complicatio 
with those of patients- who had successful reperfusior 
after intravenous streptokinase, but did not evolve n 
Q-waves.. They. observed that, on the basis of ser 





















after thrombolysis, compared with 43% of patients i 
whom non-Q-wave infarction persisted after intrave 
nous streptokinase. Although the subgroup of AMI pa- 
tients with continuing non-Q-wave infarction had a sig- 
nificantly lower left ventricular end-diastolic pressure, a 
lower peak creatine kinase level and a higher left ven- 
tricular ejection fraction than patients who developed _ 
Q-waves after thrombolysis, there were no. significant 
between-group differences in infarct vessel patency dur- 
ing coronary angiography obtained 5 + 2 days after 
AMI (non-Q-wave AMI group 85% vs Q-wave AMI 
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“UNDIFFERENTIATED ACUTE MF 
{83 hours) 
INITIAL ECG SHOWS INITIAL ECG SHOWS 
SIGNIFICANT (26.2 mV} {0.10.2 mV) ST SEGMENT ELEVATION: 
ST SEGMENT ELEVATION ST SEGMENT DEPRESSION, 
T WAVE INVERSION 
TOTAL, SUSTAINED CORONARY OGOLU | 
{THROMBOTIC, THROMBUS + HIGH-GRADE STEN 
: SURTOTAL, NONM-SUS TAINED 
a . f CORONARY OGOLUSION 
TRANSMURAL ISCHEMIA 
{1-8 hours} 
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EARLY INTERVENTION NO INTERVENTION l 
(THROMBOLYSIS) ft 
: SPONTANEQUS 
t REPERFUSION | (RARELY), CORONARY PERPERFUSION 
PARTIAL RECANALIZATION. < T TRANSMURAL NECROSIS: 
a {COAGULATION}, 
NON-TRANSMURAL 
NECROSIS 
NON-TRANSMURAL (CONTRACTION BAND} 
NECROSIS NEW Q WAVES 
{CONTRACTION BAND) | 
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eed | rer Vi toe. 
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ie tin all infarct lsacis. 
_ Welead with gezstest pretherapy ST elevation in mV. 
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group 72%: 3 = not significant) or in the incidence of 





_ The incidence of so-called non-Q-wave AMI after 
<+ successful raperfusion with intravenous streptokinase 
(43%) is virtually identical to that of naturally occur- 
ring non-Q-wave AMI (range 40 to 45%).'7"'? Such 


AMI has become over the last 2 decades,20*! and un- 
derscore the 2xtent to which thrombolytic therapy may 
be contributing to the expanding pool of patients with 
incomplete = farction. 

Similar findings have been reported in a recent pub- 
lication in this journal by Eisenberg and et al. They 
showed that 70% of 201 patients with evolving AMI 
treated with recombinant tissue plasminogen activator 
developed © waves after 3 hours of lytic therapy, 
whereas the remaining 30% did not. These latter pa- 
tients were characterized by a significantly smaller 
> mean peak <ceatine kinase release, higher radionuclide 
- ejection frac:ion, lower incidence of congestive heart 
failure at cischarge and lower in-hospital mortality 
- findings that were remarkably similar to those patients 
= with natura by occurring non-Q-wave AMI. Thus, in 
` patients wh received thrombolytic therapy, hospital 
-morbidity and mortality rates were higher for those pa- 

- tients who developed Q-wave AMI than for those who 
“continued to ave non-Q-wave (or exhibited delayed Q- 
wave) AMI =? 

Because the appearance of Q-wave AMI depends 
~ on the amourt and site of myocardial necrosis, it is pos- 
sible that, as in patients with a non-Q-wave AMI in 
__ whom the amount of myocardium destroyed is presum- 
“ably insufficent for abnormal Q waves to evolve, pa- 
> tients who f al. to n Qs waves after oo. 










SK 15 


Anderson = al45 nQt Control 26 
2 SK 24 
Timmis eta?7 Single Q| Not reperfused 
2? Reperfused : 27 
 TIMI28 Mean Q$ Not reperfused © 30 
Reperfused 36 
Incompiete 


elncomplete = iratial incomplete occlusion; nQ = non-Q wave; Q = Q wave; SK = streptokinase; TIM] = Thrombo! ysis | in i Myocardial i infarction trial. 





“recurrent pestinfarction angina, reinfarction or death.'® 


“observations zmphasize how commonplace non-Q-wave 
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absent Gae evolution. Such electrocardiographic B 
findings may be distinctly prevalent among patients 
with AMI who are treated with thrombolytic therapy 
and who, presumably, display a higher incidence of in- 
complete infarcts. 

However, it is important to emphasize that the elec- 
trocardiographic distinction between Q-wave and non- o=o 
Q-wave AMI---and between transmural and nontrans-  ~ 
mural necrosis—is imprecise with or without acute 
thrombolytic therapy administration. Any binary classi- = 
fication system that fails to take into account the het- 
erogeneous manifestations of AMI seems doomed to 
oversimplification and potential misinterpretation. 

In a thorough review of the ECG in patients under- ~ 
going thrombolysis for AMI, Bren et al*? assessed the 
utility of the 12-lead scalar ECG in identifying reperfu- 
sion status. Six studies compared indexes of ST-seg- 
ment elevation between groups who received thrombo- a 
lytic therapy and- control (or nonreperfused) groups, ~ 
and there was marked heterogeneity in the magnitude _ 
of ST-segment elevation early after therapy: among the 
studies.24-29 With the use of a variety of electrocar- 
diographic markers (sigma, or summed, ST-segment © 
elevation,2+6 maximal ST-segment deviation in a sin- 
gle electrocardiographic lead?™?8 or continuous 12-lead 
electrocardiographic recording2”), 4 studies showed less 
ST-segment elevation after thrombolytic therapy24-26.29 
compared with control subjects, whereas 2 did not?” 28 
Though it would seem reasonable to conclude that- 
when large groups of patients are analyzed, the magni- 
tude of ST-segment decline in patients with successful. 
reperfusion is greater than in those without. reperfusion 
or in control subjects, these differences are for the most 
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. s with ST-segment analysis, results are 
conflicting, but general conclusions can be drawn: In 
` all, 204 patients underwent serial electrocardiographic 
assessments before therapy, and early after and late af- 
ter therapy.” Two studies*4> showed a significant re- 
~ duction in the number of Q waves | day after therapy 
©- and late after therapy with streptokinase compared 
< with control subjects, 1 study showed no change early 
after therapy,” and 1 study showed a significant de- 
© crease in mean Q-wave development late after therapy 
only in patients with incomplete coronary occlusion.”® 
~~ However, the absolute magnitude of Q-wave differ- 
ences tends to be small and standard deviations are 
large.” 
In summary, it appears that the ECG ıs too blunt 
: an instrument to dichotomize with precision the state of 
“ reperfusion after thrombolysis. Clearly, the ECG is a 
helpful but imperfect tool for use in the management of 
patients with AMI who have received thrombolytic 
< therapy. The ECG does not appear to be helpful in 
identifying patients with an initially incomplete coro- 
nary occlusion who may not require thrombolytic ther- 
apy. Although the ECG can demonstrate successful re- 
perfusion when applied to large groups of patients, the 
small group differences and wide variability of re- 
sponses make its value in the individual patient mini- 
mal. The same appears to be true for the recognition 
-> Of altered patterns of electrocardiographic Q-wave evo- 
7 -lution as a result of thrombolytic therapy, although 
< Chouhan et al! demonstrated distinct clinical outcome 
-differences in patients receiving streptokinase who do 
and do not evolve Q-waves after thrombolysis. 
Hopefully, newer technologies such as spin-echo 
magnetic resonance imaging’??? or cinemagnetic reso- 
` nance imaging?3-34 may overcome some of these short- 
comings and limitations of standard electrocardio- 
graphic assessments. Future clinical investigation may 
prove to be effective in evaluating and detecting myo- 
cardial salvage after mechanical and pharmacologic in- 
- terventions. 

Finally, the therapeutic implications of the “incom- 
plete infarction” warrant comment. The optimal ad- 
junctive therapy after thrombolytic therapy remains to 
be elucidated. The American College of Cardiology / 
American Heart Association Joint Task Force*> recom- 
mendations on therapy after AMI indicated that early 
intravenous metoprolol was a class I indication for se- 
lected patients after thrombolysis, but did not recom- 

- mend routine 8-blocker administration for all patients. 
Similarly, oral 8 blockers and calcium antagonists were 
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wave AMI.36-38 In the Diltiazem Reinfarctio 
diltiazem was shown to reduce the in- -hospital re 
tion rate by 51% in non-Q-wave AMI compared 
placebo. There was a similar 49% reduction in medic 
ly refractory angina, but overall, there were no diff T= 
ences in 2-week mortality, probably because of th 
short-term study design and the overall low (3. 5%) 
week mortality rate. 
In the Multicenter Diltiazem Post-Infarction T 
al,3’ there was a 40% reduction i in l-year cardiac even 
rate (cardiac death or nonfatal AMI) in 634 non-Q 
wave AMI patients who were randomly assigned t 
long-term diltiazem treatment. Over the entire 52- 
month follow-up, the cardiac event rate was significant 
ly reduced by 34% in the diltiazem group (Cox hazard. 
ratio/95% confidence interval = 0.66 [0.44 to 0.98) 
compared with placebo. ae 
In a more recent electrocardiographic post-hoc arial 
ysis, diltiazem was shown to be especially beneficial in 
patients with a first non-Q-wave AMI.*8 In these pa- 
tients, diltiazem administration was associated with. ao 
48% reduction in long-term (mean + standard devi 
ation 25 + 8 months) cardiac event rate (Cox hazard 
ratio/95% confidence interval = 0.48 [0.26 to 0.88]) 
compared with placebo.*8 
In summary, given the similarities between natural- = 
ly occurring non-Q-wave AMI and AMI “interrupted” 
by acute thrombolytic therapy, there appears to bea 
rational basis to advocate diltiazem as an appropriate _ 
adjunctive therapy for the incomplete infarction. This = 
certainly seems in keeping with published American 
College of Cardiology/American Heart Association 
Joint Task Force guidelines to regard diltiazem as 
“possibly effective” for use in patients after non-Q- 
wave AMI and as an adjunctive oral therapy after 
thrombolytic therapy.?> 
However, until there are prospectively acquired data 
to further clarify the role of calcium antagonists versus 
B-blockers after thrombolysis, it seems prudent to em- 
phasize that the decision to use different classes of an- ~ 
tiischemic drugs as adjuvant therapy for patients who 
have received thrombolytic therapy should remain em- 
pirical and individualized. 
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4 ischell and his group at Stanford have studied 
4 the relation between arterial injury and acute 
vascular spasm through clinical observations! 
and more basic science studies.34 In this edition of The 
American Journal of Cardiology, they contrast eccen- 
tric and concentric lesions and demonstrate that both 
types of lesions are equal EE to. coronary 
_ spasm after balloon injury.! 

Coronary spasm at the angioplasty site fee been as- 
-< sociated with recurrent stenosis since the early days of 
F coronary angioplasty. These observations formed the 
. rationale for several clinical studies of spasm; the most 
complete one, by Bertrand et al,° demonstrated that 
__ ergonovine-induced coronary. artery vasoreactivity at 
the percutaneous transluminal coronary angioplasty 
(PT CA) site was associated with more than doubling of 
-the recurrent stenosis rate. Despite this firm correlation, 

_ several randomized trials of calcium antagonists given 

after PTCA have failed to demonstrate a decrease in 

recurrent stenosis, either because these drugs are not 
<- powerful enough to change local coronary tone or be- 
cause the spasm is merely a marker for a lesion likely to 
- recur, ie., spasm is associated with recurrence but does 
not cause it. This “chronic” spasm, however, is not the 
__ phenomenon that the Stanford group is studying. The 
~ Stanford group is studying acute changes in arterial 
tone after vascular injury. This phenomenon is not re- 
lated to recurrent stenosis but is probably related to 
acute occlusion (Table I). 

„Acute pean is nearly universal at 30 minutes after 
Feria injury? unless aggressive measures are taken to 
prevent it (such as intravenous nitroglycerin and calci- 
um: antagonists). Fortunately, the spasm is occlusive 
only in about 2 to 4% of patients.” Arterial injury by 
_ whatever mechanism induces coronary spasm. Persons 
< who attempt suicide by slashing their wrists are often 
~ saved by spasm in their radial artery. A resistant form 

- of arterial spasm can occur after the arterial in jury that 

_ results from bypass surgery. Those performing renal ar- 

_ tery angioplasty have noted clinically significant spasm 

in 26% of patients.* Cerebral aneurysms frequently in- 
: aie distal cerebral arterial spasm with disastrous con- 
; pene The presence of blood breakdown products 
< zin the subarachnoid space after subarachnoid hemor- 
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rhage induces arterial spasm. which is very difficul 
alleviate. This frequently leads to cerebral infarctio: 

Mechanism of acute arterial spasm: Regardless 
the exact mediators involved, it is clear that this ret 
could have a protective influence for total body survit 
Arterial spasm by an injured artery should reduce he 
orrhage. The artery cannot differentiate between 

“therapeutic injury” induced by a balloon, and a $ 
geon’s knife or a laser from a harmful i injury from 
bullet or other penetrating injury. In vitro studies hav 
demonstrated that endothelium is required for this in 
crease in vascular tone.’ The gradual loss of endothel 
um over the first 24 hours after balloon: arterial injury 
might well explain the exponential decline in incidence 
of severe arterial spasm (acute occlusion) after coro: 
nary angioplasty. This vasoconstriction can occur in the 
absence of blood interaction, implying that the endothe- 
lium-derived cyclooxygenase products might be the re- 
sponsible messengers. The fact that antiplatelet drugs _ 
help prevent complications of acute occlusion? may 
mean that platelet-derived cyclooxygenase products act 
in synergism with endothelium products to produce 
spasm. ee 

Neurologists and neurosurgeons studying the phe- 
nomenon of cerebral spasm distal to a leaking cerebral 
aneurysm. have postulated adventitial irritation from : 
hemorrhage as a mechanism.!° Intradural arteries are 
extremely sensitive to initiation of spasm through both 
endothelium- and adventitial-mediated processes. Ad- 
ventitial-mediated arterial spasm occurs in response to _ 
irritants in the subarachnoid space (blood degradation _ 
products after subarachnoid hemorrhage, leukocyte-de- ae 
rived products in meningitis). and is related to external 
irritation of the cerebral artery. 

This observation is in exact agreement with the view 
that large intimal tears are more frequently associated 
with acute occlusion after coronary angioplasty.” In 
such cases the adventitia is- irritated from direct contact 
through the intima media split. External hemorrhage 
can be seen over the angioplasty site at the time of 
bypass surgery (Figure 1). One common: thread is seen 
through these mechanisms: local injury or vessel irrita- | 
tion, internal or external, results in focal spasm at the f 
injury site. a 

Practical points to consider regarding arterial 
ne. should. recognize. that this entity ex- 






































































TABLE | Tvo Types of Spasm After PTCA 


Time of onset after 0-36 hours Days to months 
PTCA 
Incidence Nearly 100% tosome 25-30% of patients 
degree 

No relation Presence associated 
with 2x recurrence 


rate 


Relation to reurrence 


PTCA = percutaneous transluminal coronary angioplasty. 
ry ang 


too alarmec. Often when multivessel PTCA is per- 
formed the first lesion will be 10 to 20% narrower on 
angiography after the second lesion is done. In general, 
if the first lesion is still <50% narrowed, the lesion 
should be tr2zated with intraarterial nitrates but not re- 
peat angiopasty. 

Second, t is advisable to avoid hypotension. Pressor 
agents can 3e given but in gentle doses. Dopamine is 
generally limited to 10 g/kg/min. The most effective 
therapy for hypotension is intraaortic balloon pumping, 
which raises diastolic (coronary perfusion) pressure. In- 
travenous fluids and volume expansion should be the 
first measumes undertaken. 

Third, antiplatelet agents and anticoagulation re- 
duce the risx of acute occlusion. It has been helpful to 
us to montor anticoagulation using activated clotting 
times. In general, ACT >300 seconds is verified before 
performing arterial injury. 

Fourth, pharmacologic measures are generally ef- 
fective only if given early. As the Stanford group has 
demonstrated, larger doses of nitroglycerin are often 
necessary (they use 300 yg, intracoronary). Failure to 
respond to intracoronary nitroglycerin does not mean 
that the vessel is not closed because of spasm. Intraarte- 
rial papaverine is now used in many academic laborato- 
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FIGURE 1. Hemorrhage over the right coronary artery exter- 
nal to the angioplasty site. 


ries to measure coronary flow reserve. This has been 
useful for relieving refractory spasm. 

When spasm progresses to total occlusion, pharma- 
cologic measures are often not effective and dilation is 
needed to reopen the vessel. In fact, dilation is being 
performed clinically in humans to relieve the spasm 
that occurs distal after subarachnoid hemorrhage (Fig- 
ure 2), Such heroic brain-saving intervention must be 
performed quickly, and frequently has striking results. 

Speed is of the utmost importance in treating acute 
occlusion after PTCA. The earlier the vessel is re- 
opened, the more likely the patient will avoid myocardi- 
al damage and the more likely the vessel will remain 
patent. Interventional laboratories need a mechanism to 


FIGURE 2. Left, frontal view from a right internal carotid arteriogram of a patient who was acutely hemiplegic 4 days after sub- 
arachnoid hemorrhage, showing right spasm of the M-1 segment of the middle cerebral artery (arrows). Right, similar view re- 
corded after 2alloon angioplasty of the M-1 segment, showing a widely patent middie cerebral artery (arrows). The patient's 
hemiplegia raproved markedly immediately on dilation. The appearance of the middle cerebral artery was identical 2 weeks lat- 
er: a widely patent middle cerebral artery and no residual hemiplegia. 
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Acute Myocardial Infarction 






f and J. Ward Kennedy, MD 


ew methods for the management of coronary 
rtery disease are almost always evaluated in 
patients or in groups of patients who are 
ntly male.! This bias is in part due to the fact 
that men develop coronary artery disease more frequent- 
ly and at an earlier age than do women. This problem is 
p Semapounded by the usual practice of excluding elderly 
-- patients from therapeutic trials. Most trials of thrombo- 
: lytic therapy for acute myocardial infarction (AMI) 
| "s, have an upper age limit of 70 or 75 years, as was the case 
| in our own trials.3 Because thrombolytic therapy has 

been largely evaluated in men, we have been concerned 

_ that once this therapy was demonstrated to be effective, it 
-= might be preferentially applied. In this analysis, we at- 

tempt to specify the role of gender in the eligibility for 

and use of thrombolytic therapy. 

As part of the Western Washington emergency de- 
partment recombinant tissue plasminogen activator 
trial, all patients with documented AMI in 8 hospitals 

in the Seattle-Tacoma metropolitan area were identi- 
fied? From the medical record, patient age, sex, in- 
-clusion and exclusion criteria for the trial, and the use 
_ of thrombolytic therapy in general were determined. 
_ Information on cardiac catheterization, coronary an- 
gioplasty and coronary artery surgery was also col- 
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| TABLE I Eligibility of Women and Men with Acute Myocardial 
_ {Infarction for Thrombolytic Therapy 
Women (%) Men(%) All (%) 
(n = 353) (n= 675) (n= 1,078) pValue 


Age > 75 years 39 26 
Nondiagnostic 59 53 55 





















< 0.0001 













0.09 
electro- 
oo |. Cardiogram 
>) Presented 30 27 18 0.71 
> 6 hours 
Medical contra- 33 32 33 0.78 
indication 
Eligible for throm- 16 25 22 0.0008 
aes bolytic therapy 
| Eligible patients 55 78 72 0.0006 


_. Feceiving throm- 
bo lytic therapy E 
no. at gaan 55o 


rutilization of Thrombolytic Therapy i in 1 Eligible Women wit i 


ut aries Maynard, PhD, Ralph Althouse, MD, MPH, Manuel Cerqueira, MD, Michele Olsufka, RN, 


-and medical contraindications. to thrombol lytic th 


















lected. Exclusion criteria, including age >75 yea 
time from symptom onset to hospital arrival 
hours, nondiagnostic. electrocardiographic chang 

















py were reviewed in detail as was vital status at 
time of hospital discharge. We also attempted to d 
termine from the medical record why eligible patients 
did not receive thrombolytic therapy. In all, 1,028 
patients with AMI, including 160 enrolled in the clini- 
cal trial, comprised the population for this analysis. 

Between January 1987 and January 1988, 675 
(66%) men and 353 (34%) women with AMI were 
admitted to the 8 participating hospitals. A higher 
proportion of women were >75 years; women were _ 
also older than men (7249 vs 65+ 12 years, pe 
<0.0001) (Table I). Of the 221 (21%) patients who 
were eligible for thrombolytic therapy, men were more 
often eligible than women. Men and women differed in 
the reasons for ineligibility (Table I). Multiple rea- 
sons for ineligibility were noted more often in women 
than in men (65 vs 55%, p = 0.02). 

Eligible men received thrombolytic therapy as part 
of the clinical trial more often (Table I); i.e., only 55% 
of 55 eligible women received the drug, whereas 78% 
of 166 eligible men did. It was difficult to determine 
from the medical record why eligible patients did not 
receive thrombolytic therapy, since this information 
was unknown for 41% of these 61 patients. Similar 
proportions of men and women either refused or were 
not offered thrombolytic therapy by their physicians. 
An additional 3 men and.5 women, who were eligible, 
received thrombolytic therapy outside the trial. In 
addition, 9 men and 2 women, who were ineligible by 
study criteria, also had thrombolytic therapy. 

The use of diagnostic and reperfusion procedures 
was also examined. Only 5 angioplasties and 4 surgi- 
cal revascularizations were performed in the 265 pa- 











































TABLE H Procedures, Treatments and Hospital Mortality for 
Patients Aged < 75 Years 





Women (%) 
(n = 353) 


Men (%) 
(n = 548) 





Event 





pValue je 






Cardiac catheterization 39 46 
Thrombolytic therapy 17 
noh w 

Cor s 


















-givent py. Table I displays the use 
of these peduesi in a patients <75. years. Although a 
_ higher proportion of men underwent cardiac catheter- 
ization, the difference between men and women was 
-not Statistically significant. However, 26% of all men 
-received thrombolytic therapy, whereas only 17% of 
„all women did. Hospital mortality was similar in all 
men and wamen (13.3 vs 14.2%, p = 0.88) and in men 
<- and womer aged >75 (25.2 vs 20.3%, p = 0.34). After 
<- adjustmen: for age, hospital mortality in men and 
- women of dl ages remained similar. 
Jt is diffeult to explain the underutilization of throm- 
-> bolytic therapy in women. It is possible that eligible 





= : : women were closer in age to the upper limit of 75 years 
-cand thus were considered ineligible. However, eligible 


men and women not treated within the trial had the same 
- mean age @ 62 years. It is also plausible that women 


: . -were treatec less aggressively by predominantly male 
cardiologists: This is unlikely, since similar proportions of 


men and women underwent cardiac catheterization, cor- 
onary angieslasty and bypass surgery. Of course, the 
differential use of thrombolytic therapy may have been 
due to charce or to confounding variables. This is a 


eae should be es to sae cine if there ar 
gender differences in the use of thrombolytic therapy. 
Nevertheless, in this study, women were more often ineli- 
gible for thrombolytic therapy and were less often treated 
with thrombolytic agents even though eligible for treat- cs 
ment. 
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Effects of Luminal Eccentricity on Spontaneous Coronary 
Vasoconstriction After Successful Percutaneous Transluminal 


Coronary Angioplasty 


Tim A. Fischell, MD, and Kurt N. Bausback, MD 


ver zhe past several years there has been increas- 

ing recognition that spontaneous coronary ar- 

ter}. vasoconstriction, or spasm, can occur in the 

dilated coror:ary segment after percutaneous translumin- 
al coronary angioplasty (PTCA). This vasoconstriction 
after PTCA has been quantitated in clinical studies,! 
and has beer. well described in clinical series and in case 
reports.3-© Although the etiology of vasoconstriction af- 
ter PTCA + not fully understood, several mechanisms 
have been pestulated, including the release of vasoactive 
= substances fom aggregating platelets at the site of endo- 
© thelial inju- and the release of endothelium-derived 
-constricting factor(s) after balloon trauma.’ Coronary 
spasm has been demonstrated to be one possible mecha- 


` nism of acwce vessel closure after successful PTCA.56 


Furthermore, clinical studies have suggested a significant 
i orrelation zætween spontaneous or provoked vasospasm 


ivson of Cardiovascular Mra Stanford i University 


in the dilated coronary segment with increased restenosis - 
rates after PTCA.’ fa 
It has been demonstrated that lesion eccentricity may 
be a risk factor for acute coronary closure after PTCA? : 
The observations that eccentric lesions may have a great- 
er potential for dynamic changes in caliber in response to 
vasoactive stimuli!® has led to speculation that vasospasm 
may be more pronounced after PTCA in eccentric com- 
pared with concentric lesions, leading to a greater inci- : 
dence of acute closure, and possibly late restenosis. Haz 
This study was designed to examine whether there is any A 
relationship between angiographically determined lesion 
eccentricity and the severity of spontaneous vasoconstri : 
tion early after PTCA i in the dilated ront segm 













PTCA of focal stenoses | were e prospectivel y. entered — a 
into the study after informed consent for both PTCA - 
cat ne s was obtained. Three eof these I 6 spate as 


a ee = = > = : 


Pep ea 


>10mm, requirement for intracoronary nitroglycerin 
during PTCA, and technically inadequate coronary 
arteriography. 

K All patients took their usual oral medications in- 
cluding aspirin and calcium antagonists on the day of 
the procedure. Selective coronary arteriography of the 
vessel to be dilated was performed in multiple projec- 
tions, including at least | pair of orthogonal views 
using Omnipaque® contrast at a cine rate of 30 frames 
per second. 

Coronary angioplasty was performed using either 
an over-the-wire balloon catheter system (14 patients) 
or a fixed wire balloon catheter system (2 patients). 
Balloon sizes were chosen to approximate the diame- 
ter of the “normal” coronary segment adjacent to the 
segment to be dilated. At least 2 balloon inflations 
were performed in each case, with additional infla- 


tions performed as needed until the coronary stenosis 
had been dilated adequately using angiographic or 
hemodynamic criteria, or both. 

As soon as was feasible after the final balloon 
inflation (average 3 minutes; range 2 to 5 minutes), 
the balloon catheter and guidewire were withdrawn 
and selective coronary arteriography, in the previous- 
ly selected projection was performed. This angiogram 
was designated ‘“‘post-PTCA.” The coronary guiding 
catheter was replaced with an 8Fr right or left coro- 
nary artery Judkins “marker” catheter, to be used as 
a reference for coronary quantitation. Coronary arte- 
riograms (same projection) were repeated at 15 and 
30 minutes after the final balloon inflation, and again 
3 minutes after the administration of 300 wg of intra- 
coronary nitroglycerin given immediately after the 
30-minute angiogram (i.e., 33 minutes after the final 





segment in the left coronary artery not manipulated by the guidewire or balloon catheter. LAD = left anterior descending artery; 
OM = obtuse marginal branch; RCA = right coronary artery. 


sel wall. If the ratio a/b is <0.5, the lesion 
is defined as eccentric. In this example 
a/b = 0.43. 





a/b < 0.5 = Eccentric 
a/b > 0.5 = Concentric 
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Lesions 


Concentric Eccentric 


No. of patients 8 


Age (mean years) 58 + 3 


Men/women 7/1 
Coronary dilatec 


3 LAD, 3 Cx, 2 RCA 4LAD, 2 Cx, 2 RCA 
% stenosis 66 + 3 (+3 
Lesion eccentre ty (a/b) 0.81 + 0.15 0.43 + 0.08* 
Lesion (min.) ameter (mm) 0.92 + 0.09 0.83 + 0.12 
Final (min.) diameter (mm) 1.85 + 0.21 
Balloon size (mean) (mm) 2.6 
No. of inflationsamean) 3.6 
Max. inflation peessure 7.1 

(mean atm) 

*p <0.01 for e=entric versus concentric lesion groups. 

Values are meat + standard error of the mean. 


Cx = left circurmex coronary artery; LAD = left anterior descending coronary artery; 
Max. = maximalsrain. = minimal; RCA = right coronary artery. 


balloon inflation). All films were analyzed by quanti- 
tative artertographic techniques as previously de- 
scribed.!? Tre resolution of this system has been dem- 
onstrated to be + 0.06 mm. 

Two coranary segments were analyzed in patients 
undergoing PTCA in the left coronary artery system, 
Figure 1A. For the 4 patients undergoing right coro- 
nary artery PTCA, only segment I was analyzed since 
there was re equivalent “Control” segment (Figure 
1B). 

One of tre 2 designated film readers analyzed the 
mean and mënimal segmental diameters in each of 3 
consecutive end-diastolic frames for each 5-mm-long 
segment, at each time/condition. The final segmental 
vessel diameter (mean and minimum) at each time 
was defined as the mean of the 3 end-diastolic mea- 
surements. 


HE Control Segment 
CO Concentric Lesion Subgroup 
Bi Eccentric Lesion Subgroup 


Percent (%) Vasoconstriction (vs IC NTG) 


15 Minutes 











TABLE If Coronary Artery Diameters (minimum in mm): 
Pre ascot wer hae Segment (segment 1) 





Pre-PTCA Post-PTCA 15Min 30Min IC Pa. AAA asi SoMa CD 
l 0.99 1.87 1.21 1.26 1.90 
2 1.04 1.79 1.61 1.40 1.85 
3 1.25 2.56 2.08 1.95 2.51 
4 0.97 1.76 1.38 1.40 1.84 
5 0.88 1.28 1.09 1.11 1.37 
6 0.91 1.99 1.62 1.41 1.90 
7 0.76 1.92 1.55 1.57 1.68 
8 0.61 1.63 0.96 0.76 1.44 


Patients with Eccentric Lesion 





After IC NTG = angiogram obtained 3 minutes after 300, of intracoronary 
nitroglycerin (33 minutes after final balloon inflation); Post-PTCA = a 
obtained 2 pp ha 5 minutes after final balloon inflation, guidewire removed; P 

rh tage ih crossing lesion; 15 Min = a m 15 minutes after final balloon 
inflati Min =angiogram 30 minutes after final inflation. 






For the purposes of defining lesion eccentricity, a 
coronary lesion was defined as eccentric if the luminal 
center line at the narrowest point of the stenosis was in 
the outer 25% of the adjacent normal lumen (Figure 
2). For purposes of determining percent vasoconstric- 
tion, the vessel diameters measured from the angio- 
gram after intracoronary nitroglycerin (NTG) were 
defined as the maximally vasodilated state so that: % 
vasoconstriction (t) = diameter after NTG — diame- 
ter at time t + diameter after NTG. 


FIGURE 3. Bar graph showing the sponta- 
neous vasoconstrictor responses after per- 
cutaneous transluminal coronary angio- 
ietys (PEGA) th dus aetepicate seament 
of the concentric (n = 8) and eccentric 

(n = 8) lesion subgroups, and in the control 
segment (n = 12) during the first 30 min- 
utes after PTCA. Vertical bars, percent 
vasoconstriction (mean + standard error of 
the mean) for each segment, defined as 


with the diameter 3 minutes after the ad- 
ministration of 300 ug of intracoronary ni- 


served in the control segment at 15 and 
30 minutes after PTCA (*p <0.01 and 
**p <0.005, respectively). NA = not appli- 
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coronary 
> and shown after 


Data are presented as mean + standard error un- 
less otherwise stated. Comparisons of percent vaso- 
constriction in each segment for each condition, lesion 
eccentricity scores, and patient and procedural vari- 
ables were analyzed by l-way analysis of variance, 
using repeated measures. A p value <0.05 was consid- 
ered statistically significant. 

Nitroglycerin for intracoronary and intravenous 
administration was prepared by the addition of 25 mg 
of nitroglycerin (Tridil®) to 250 ml of normal saline 
solution, yielding a final concentration of 100 ug/ml. 
Immediately after the 30-minute arteriogram, 3 ml of 
this solution were administered as an intracoronary 
injection via the right or left coronary artery diagnos- 
tic catheter. 

Of the 16 patients entered into the study, 8 (50%) 
had coronary lesions that were defined as eccentric 
based on angiographic criteria (mean a/b eccentricity 
score, 0.43 + 0.08). The other 8 patients had lesions 
that were concentric (mean a/b eccentricity score, 
0.81 + 0.15, p <0.01 vs eccentric lesion subgroup). 
The clinical and angiographic characteristics of the 2 
groups are described in Table I. There were also no 
Statistically significant differences between the bal- 


Post-PTCA 


CONCENTRIC 
LESION 





loon size, number of inflations, measured percent ste- 
nosis, or the minimal PTCA lesion diameters before 
and after intracoronary nitroglycerin between the 2 
groups. There were no statistically significant differ- 
ences between the 2 groups in the type or dosage of 
medications taken at the time of the study. There were 
no complications (including myocardial infarction, 
acute closure, emergent bypass surgery or death) in 
any patient. 

The time course and severity of spontaneous vaso- 
constriction in the dilated segment is depicted in Fig- 
ure 3. Individual (raw) data are listed in Table II. The 
percent vasoconstriction relative to the measurement 
after intracoronary nitroglycerin is shown for the an- 
gioplasty and control segments immediately after 
PTCA, 15 minutes after PTCA, and 30 minutes after 
PTCA for the concentric and eccentric lesion sub- 
groups. At 15 and 30 minutes after PTCA there was 
progressive vasoconstriction of the angioplasty seg- 
ment in both the concentric and eccentric lesion sub- 
groups, without significant change in basal vasomotor 
tone ( =1 2 to 15% constricted compared with diameter 
after intracoronary administration of nitroglycerin) in 
the control segment. The difference in percent vaso- 


30 Minutes 


FIGURE 4. Arteriograms showing spontaneous reversible vasoconstriction in the angioplasty segment after percutaneous trans- 


luminal 


angioplasty (Post-PTCA). All images are end-diastolic frames viewed in the same projections and magnification 
image processing. Examples of both concentric (top row, eccentricity a/b 


score = 0.92) and eccentric (bottom row, eccentricity a/b score = 6.48) lalaa are shewa balote PECA thre PEGE) tecoadaies 
ly after PTCA (Post-PTCA), 30 minutes after PTCA, and then after intracoronary nitroglycerin (NTG). Minimal (min.) diameters 


for each segment at each time are shown below angiogram. 
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-nificant (æalysis of aa at any time after 
< PTCA. The degree of vasoconstriction observed in the 
~ angioplast} segment of both the concentric and eccen- 
_. tric lesion zabgroups were significantly greater than 

: A the eantrol segment at 15 and 30 minutes after 


~.- dence of spcmtaneous vasoconstriction in the dilated seg- 
ment after PTCA does not differ in eccentric versus 
~~ concentric Esions. On the basis of these findings we 
“would propose that the “release” of the media from the 
diseased intama after PTCA may restore more normal 
vasomotor rzactivity in concentrically diseased coronary 
segments. Tis hypothesis may explain why the vasocon- 
striction in the treated concentric lesions is equal to that 
-observed in zccentric lesions, which have an arc of rela- 
< tively disease-free wall. Were it not for this “releasing” 
effect of PTA one might expect the vasoconstrictor and 
vasodilator responses in these concentrically diseased seg- 
ments to be Emited by circumferential atherosclerosis. !° 
- The ability o intracoronary nitroglycerin to actively va- 
sodilate the angioplasty segment provides further evi- 
dence of improved segmental arterial compliance in con- 
centric lesiors after PTCA. 

Although: lesion eccentricity has been regarded as a 
“risk factor” for complications after PTCA, this study 
does not support the notion that these complications are 
attributable to greater vasospasm in eccentric compared 
with concen:7ic stenoses. However, given the magnitude 
of the vasoceastrictor responses observed in some of these 


and Patrick W. Serruys, MD, PhD 


he im: mediate efficacy of coronary atherectomy 
should be established by reproducible quantita- 
tive eoronary analysis.! The term “directional 
atherectomy” suggests that the device can be selectively 
p directed toward the plaque and that its cutting mecha- 








l $ Froni the Catheterization Laboratory, Thoraxcenter, University Hospi- 
- tal Dijkzigt, Erasmus University Rotterdam, P.O. Box 1738, 3000 DR 
Rottergagy ei therlands.. Dr. Strauss.is a resear i 


bgroups was not sig- 4 






pea. prior ne a to the paene y coro lar 
lesion eccentricity does not appear to influence the 1 inci- 
dence or severity of spontaneous vasoconstriction in the. . 
dilated segment after PTCA. 
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Edge Detection Versus Videodensitometry for Quantitative 
Angiographic Assessment of Directional Coronary Atherectomy 


Victor A. Umans, MD, Bradley H. Strauss, MD, Pim J. de Feyter, MD, PhD, 











nism is potentially less disruptive on vascular architecture 
than other angioplasty modalities. As a result. of th 
selectively debulking action, the vessel may assume a 
more circular configuration, and cross-sectional area 
measurements obtained by edge detection and videoden- 
sitometry should become more comparable. This study 
was undertaken t to booa whether videodensitomet y- 











rectional sm ae te 
E From September 1989 through September 1990, 
55 patients underwent directional coronary atherec- 
omy at the Thoraxcenter. Patients were selected for 
rectomy when an eccentric stenosis was present in 
coronary artery. This series consists of the 
herectomy patients (17 men, 3 women). 















patients underwent a successful procedure without 
= preceding or adjunct balloon angioplasty. Patients 
ranged in age from 42 to 76 years (mean 62). Coro- 
ae nary angiography showed 1-vessel disease in 14 pa- 
> tients, 2-vessel disease in 3 and 3-vessel disease in 3. 
The site of the obstruction was located in the left 
anterior descending coronary artery in 10 patients, the 
- circumflex coronary artery in 2, the right coronary 
: a artery in6 and a coronary artery bypass vein graft in 
Oe ge 
-o After administration of local anesthesia, an 11Fr 
-Sheath was inserted into the femoral artery. All 20 
patients received 250 mg of acetysalicylatic acid and 
=: 10,000 U of heparin intravenously. Intracoronary in- 
-jection of isosorbide dinitrate was performed to re- 
lieve any possible spasm. After the initial angiograms 
in multiple views were completed, a special 11 Fr guid- 
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- sclerotic lesion in the collecting chamber locatec 
election and videodensitometry were used to 
sate the immediate results after atherectomy. All 


TABLE ll, Minima! Luminal Cross-Sectional Area Derived from Edge Detection and. Videodensitometry Before and After Coronary 








advanced into the distal part a the arte! 
atherectomy device was slipped over the g 
and positioned across the stenosis. Afier prop 
tioning, the support balloon was inflated up t 
atm, the cutter was retracted and balloon infla 
pressure was increased to 2 to 3 atm. The drivi 
motor was activated and the rotating cutter was sl 
ly advanced to cut and collect the protruding at 






















the tip of the catheter. ifier each pass, the ba 
was deflated and either removed or repositionec 
average, 6.7 (3 to 1 4) passes were performed acro: 
stenosis. Atherectom y was considered successful w. 
the residual stenosis was <50% after tissue retrie 
After atherectomy the. arterial cand venous shea 
were usually left in place for 6 hours. Patients w 
monitored for 24 hours, and electrocardiograms and 
cardiac enzyme levels were obtained twice a day. N 
Jedipine v was administered every 2 hours. after the 

















TABLE I Edge Detection Before and After Directional 
Atherectomy — 






Before After 
Atherectomy Atherectomy p Value 


Reference diameter (mm) 3.05 + 0.55 3.40 £0.44 0.05 fee 
Obstruction diameter (mm) 1.08 + 0.43 2.68 + 0.42. 0.000001 
Diameter stenosis (%) 66 + 10 20+9 0.000001 
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procedure cad the patients were maintained on aspirin 
for I year. 

Quantitative analysis of the stenotic coronary seg- 
ments was performed with the computer-assisted 
Cardiovasczlar Angiographic Analysis System that 
has been described in detail elsewhere.” To analyze a 
coronary aerial segment, a 35-mm cineframe was 
selected. A region of interest encompassing the arteri- 
al segment *9 be analyzed was electronically digitized 
(512 X 512 pixels) with a high-fidelity videocamera. 
Contours o; the arterial segments were detected auto- 
matically o% the basis of the weighted sum of the first 
and second derivative functions applied to the digi- 
tized brightress profile. From these contours, the ves- 
sel's diame‘er functions were determined by comput- 
ing the shcetest distance between the left and right 
contour positions. A computer-derived estimation of 
the origina, arterial dimension at the site of the ob- 
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struction was used to define the interpolated reference 
diameter. This technique is based on a computer- 
derived estimation of the original diameter values 
over the analyzed region (assuming there was no dis- 
ease present) according to the diameter function. Con- 
version of the diameter measurements of the vessel to 
absolute values was achieved by using the contrast 
catheter as a scaling device after correction for pin- 
cushion distortion. The minimal cross-sectional area 
of the narrowed segment and the interpolated percent 
area stenosis were then derived by assuming a circular 
model and comparing the observed stenosis dimen- 
sions with the reference values. The angiographic 
analysis was done using the average of multiple 
matched views with orthogonal projections whenever 
possible. 

To determine the changes in cross-sectional area 
of a coronary segment from the density profile within —_ 


FIGURE 1. Determination of the minimal 
luminal cross-sectional area (MLCA) by 
contour detection and videodensitometry 
before atherectomy. The line represents 
the line of identity. The correlation coeffi- 
cient is 0.914 (95% confidence interval: 
0.791 to 0.966). The regression equation 
was y = —0.420 + 1.39x. 


n.20 
r= 0.914 


FIGURE 2. Comparison of the minimal hi- 
minal cross-sectional area (MLCA) as as- 
sessed by contour detection and videoden- 
sitometry after atherectomy. The fine rep- 
resents the line of identity. After 
atherectomy a slight deterioration in the 
relation is found as is expressed by a low- 
er correlation coefficient (0.816). The re- 
gression equation was y = 0.415 + 
0.845x. 


n20 
r= 0.816 
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the artery, the calibration of the brightness levels in 
terms of the amount of x-ray absorption (Lambert 
Beer's law) is required. The videodensitometric meth- 
od used with our system corrects for spacially variant 
responses in the imaging chain and for daily varia- 
tions in the cinefilm processing. Details of this tech- 


nique have been described elsewhere?” Contours of 


the artery are detected by automated contour detec- 
tion with the Cardiovascular Angiographic Analysis 
System, as previously described. Diameter data are 
derived from the measured diameters along the ana- 
lyzed segment. On each scan line perpendicular to the 
centerline of the vessel, a profile of brightness is mea- 
sured. This profile is transformed into an absorption 
profile by means of a simple logarithmic transfer 
function. The background contribution is estimated 
by computing the linear regression line through the 
background points directly left and right of the detect- 
ed contours. Subtraction of this background portion 
from the absorbed profile within the arterial contours 


> => ie te A = a 


yields the net cross-sectional absorption profile. Inte- 
gration of this function gives a measure for the cross- 
sectional area at the particular scan line. By repeating 
this procedure for all scan lines, the cross-sectional 
area function is obtained. A reference densitometric 
area is obtained using the same principles as de- 
scribed for the diameter functions. Calibration of the 
densitometric area values is accomplished by compar- 
ing the reference area calculated from the diameter 
measurements (assuming a circular cross-section) 
with the corresponding densitometric area value. The 
complete procedure has been evaluated with cinefilms 
of perspex models of coronary obstructions.® 

The individual data for diameter and densitomet- 
ric area measures were used to calculate the mean + 
standard deviation. Analysis of variance was per- 
formed to compare the area measurements derived 
from edge detection (assuming a circular cross-sec- 
tion) and densitometry before and after atherectomy, 
and when significant differences were found, 2-tailed 


y difference in MLCA (mm2) 


pre-atherectomy 


3 4 5 6 7 8 9 
average MLCA by two methods (mm2) 


A difference in MLCA (mm2) 


After atherectomy the difference was 
slightly higher (0.48 mmĉ). The variability 
was larger after than before atherectomy. 
SD = standard deviation. 


post-atherectomy 
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3 analysis ( dge dasdi and A in 
© the determanation of minimal cross-sectional area, 
` the produc.- moment correlation coefficient (r) and its 
= 95% confiaence intervals were calculated at 2 distinct 
times of study. The agreement between the 2 measures 
-was assessed by determining the mean + standard de- 
-viation of tte between-method difference, as suggest- 
ed by Blar and Altman. At each interval, this was 
done by coxaputing the sum of the individual differ- 
-ences between the 2 methods to determine the mean 
. difference + standard deviation. 
In this study, the angiographic projection with the 
-severest nac-owing was analyzed. The individual data 
- obtained by edge detection and videodensitometry are 
_ presented ia Tables I and II. On average, the reference 
3 diameter i irereased from 3.1 to 3.4 mm (p = 0.05), the 
obstructior. diameter increased from 1.1 to 2.7 mm 
(p <0.000G81 ); thus, the interpolated diameter steno- 
sis was reduced from 66 to 20% (p <0.000001). 
-Quantitatixe analysis of the atherectomy device 
showed an mcrease in its diameter from 2.0 + 0.2 to 
3.4 + 0.4 men after inflation of the support balloon. 
The minimal luminal cross-sectional area determined 
by densitorsetry was compared with the minimal lu- 
minal cross-sectional area measurements from edge 
detection wf ich assumes a circular configuration. The 
comparative data before and after coronary atherec- 
tomy are smown in Table II and Figures 1 and 2. The 
minimal lueainal cross-sectional area increased after 
atherectomy from 1.12 +0.72 to 5.91 41.95 mm? 
(p <0.000F. In patient 15, a coronary artery side 
branch ranvarallel to the stenotic coronary artery and 
contributea to an increase in the background bright- 
ness value. subtraction of this increased background 
contribution yielded a negative cross-sectional ab- 
sorption pr-file at the site of the coronary artery ob- 
struction. P2fore atherectomy, the correlation coeffi- 
cient was 8914 (95% confidence interval, 0.791 to 
0.966), indwating a reasonable linear relationship be- 
tween the Z techniques. However, this deteriorated 
slightly after atherectomy, resulting in a correlation 
coefficient af 0.816 (95% confidence interval, 0.584 to 
0.924). The agreement between the 2 measurements is 
-illustrated #1 Table I and Figures 3 and 4. The mean 
- difference zf the minimal cross-sectional area be- 
tween the 2 methods before atherectomy was —0.01 
-o mm?; this cfference was slightly larger after atherec- 
tomy (meas difference 0.48 mm’). The variability as 
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‘compared with the results in a previous balloon angio- > 
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edge detection or videodensitometry should be used 
the gold standard continues to be debated. Densitometry p 
has been proposed as an alternative method of quantita- 
tive assessment of the severity of coronary artery stenosis. — 
It is based on the linear relation that exists between the 
optical density of a contrast-enhanced lumen and the 
absolute dimensions of the arterial segment, and is there- 
fore independent of the geometric shape. Discrepancies 
between edge detection and videodensitometry are most. __ 
likely to occur when the shape of the vessel wall at the 4 
level of the stenosis deviates furthest from a circular 
configuration, because it is a basic assumption in the 
calculation of minimal luminal cross-sectional area by- 
edge detection.? Previous studies have shown discrepan- 
cies in the analysis between edge detection and videoden-... 
sitometry after balloon angioplasty.* Since the cutting - - 
mechanism of atherectomy is expected to remodel the. 
treated coronary artery into a more concentric and circu- 
lar configuration, densitometry should correlate closely . 
with the cross-sectional area measurements derived from 
edge detection. 

Because comparing 2 methods in clinical practice _ 
should not only be limited to the assessment of the 
strength of the relation (correlation coefficient, r), we 
also included the assessment of the degree of agreement 
or variability, which is determined by the mean + stan- 
dard deviation of the between-method difference. This 
comparative study illustrates that a linear relation exists .- 
between the 2 methods both before and after atherec- 
tomy. However, it must be emphasized that the strength | 5 
of the relation deteriorates slightly after atherectomy. _ 
Overall, a good agreement exists between the 2 methods, _ 
although edge detection slightly underestimates the mini-. a 
mal luminal cross-sectional area before atherectomy and » 
overestimates the minimal cross-sectional area after ath- 
erectomy. RE 

Quantitative coronary angiography shows that a da i : 
ilar discrepancy exists in the postatherectomy analysis — 
between edge detection and videodensitometry when... 














plasty study.” This observation suggests that edge detec- 
tion and videodensitometry are equally acceptable meth- 
ods for assessing the results of interventional techniques, 
although small differences exist in the postinterventional _ 
analysis. The possible explanation for these differences is 
the occurrence of trauma to the vessel wall by the inte: 
ventional devices. This obviously results in the formation 
of intimal dees and cay with h subsequent i dist ) 























cut ing mechanism of atherectomy aid the aa 
of balloon angioplasty result in similar eccentric vessel 
contours. 

< In conclusion, despite small differences in minimal 
luminal cross-sectional area after intervention, edge de- 
tection and videodensitometry are equally acceptable 
1ethods in assessing the immediate results after atherec- 
omy. Atherectomy, as well as balloon angioplasty, in- 
ce substantial trauma to the vessel wall, which results 
ina noncircular vessel configuration. The smoothing pro- 
cess of stenting results in more circular vessel contours 
compared with balloon angioplasty and atherectomy. 
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. : Effects of Parasympathetic Blockade on Ischemic Threshold in 
— Patients with Exercise-induced Myocardial Ischemia 


. 3 Paolo Marraccini, MD, Enrico Orsini, MD, Guido Nassi, and Antonio L'Abbate, MD 


n patients with coronary artery disease (CAD), an 
abnormal coronary vasoconstriction superimposed 

Po”. to organic stenosis may further limit coronary flow 
< teserve.! This functional factor can modulate flow avail- 
-ability to the ischemic region and be responsible for the 

-= variability of ischemic threshold frequently observed in 
~ patients with effort angina pectoris. An imbalance be- 
tween dilatatory and constrictor stimuli has been postu- 
lated in these patients, possibly related to the impairment 
-of the endothelium-mediated regulation of smooth mus- 
- ele tone.3 In normal subjects, coronary infusion of acetyl- 
_ choline produces coronary vasodilation that appears to be 
= mediated by the endothelium-derived relaxing factors, 
~~ whereas in patients with CAD, it reduces large coronary 
-artery diameter and decreases coronary flow velocity‘ (in 
~ animal experiments this latter effect seems to be indepen- 
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striction. The aim of this study was to evaluate the effect ~ 
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dent of both a and 8 blockade, and is promptly reversed 
by intravenous injection: of atropine).> 

A similar phenomenon can be observed during exer- 
cise. Compared with normal subjects, patients with CAD 
have a paradoxical vasoconstriction of large epicardial 
coronary arteries that can be prevented by treatment 
with isosorbide dinitrate.®’ It can be hypothesized that in 
normal conditions the parasympathetic system opposes 
vasoconstriction during exercise, whereas in the absence 
of endothelium its effect is reversed to coronary vasocon- 


of atropine, a parasympathetic blocker, compared with. 
that of isosorbide dinitrate, an endothelial independent _ 
vasodilating drug, on the ischemic threshold of patients - 
with exercise-induced ischemia. | 

Seventeen of 23 consecutive patients (14 men and 3 — 
women, mean age + standard deviation 54 + 4 years) 
with history of effort angina of unchanged severity 1 in 
typical exerci. 'se-induced ST- 
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: TABLE H Exercise Stress Test Results 


Basal (B). 


Exercise durstion (min) 6.6 + 2.2 
Time to 0. E& mY ST- (min) 6.2 + 2.4 
HR at rest fcaats/min) 71+ 10 
HR slope (eats/min/min) 6.5 + 3.7 
HR at 0.1 SmvV ST- (beats/min) 112 +16 
Maximal HR&Xbeats/min) 114+ 15 
% of max. predicted HR 69 +9 

Systolic BP:at rest (mm Hg) 135 + 16 
Systolic BP’stope (mm Hg/min) 6.6 + 2.3 
Systolic BPat 0.15 mV ST- 176 + 20 
“Max. systole BP (mm Hg). 181 +18 


ISDN (1) 


8.7 + 2.3 
8.4 + 2,3 
85+ 15 
5.3+ 1.8 
124 + 33 
132 + 15 
81+ 10. 
118 +11 
8.4+ 3.1 
185 + 25 
190 + 25 


Atropine (A) 


6.8 + 2.5 
6.6 + 2.4 
104 + 11 
6.2 + 5.4 
137 + 11 
139 + 11 
85 + 7 

125+ 14 
7.9 23.9 
173 + 22 
174 + 23 


Statistical Analysis 


RPP at restnm Hg - beats/min) 9,695 + 2,236 9,983 + 2,138 13,000 + 2,239 
RPP slope wam Hg - beats/min/min) 1,632 + 690 1,732 + 660 1,885 + 1,218 
RPP. at 0.1 mV ST- 19,829 + 4,681 24,185 + 5,207 23,732 + 4,088 | 
Max. RPP (sm Hg - beats/min) 20,682 + 4,420 25,228 + 5,153 24,319 + 4,396 
Max. ST sh# (mV) 0.19 + 0.05 0.19 + 0.09 = 0020+008 | 


Basal = baseline test; BP = blood pressure; HR = heart rate; ISON = isosorbide dinitrate; Max. = maximal; RPP = rate-pressure product; ST- = ST-segment depression. g 7 i 5 


_ The presenz of associated pathologic conditions that W every 2 minutes. At ea during exercise ar 
could inter;ere with the interpretation of ST shift dur- series the a A — ma uen, allowin i 
ing exercise were carefully excluded. Table I lists the “12-A 
clinical and angiographic characteristics of the stud) ly 
patients. | 
i ee a reriod of pharmacologic washóuk of >72 

ctients performed 3 exercise stress tests on 
| 3 : consecutire days. The tests were performed after 
intravenous © administration of | mg of atropine, 1 mg 
; ofi aia dinitrate and 2 mi - normal saline ue 
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formed by 2 of the investigators. They had to identify 
both the time of onset of ischemia, defined as the time 
corresponding to ST depression of 0.15 mV, 0.08 sec- 
ond after J point and the maximal ST-segment shift. 
Agreement was found in 94% of tests. 

The following ergometric parameters were consid- 
ered for analysis: time to onset of ischemia; heart rate; 
systolic blood pressure; and rate-pressure product at 
rest, at the onset of ischemia and at peak exercise. As 
previously described, the rate of increment during ex- 
ercise of heart rate, systolic blood pressure and rate- 
pressure product were obtained from the linear re- 
gression between time of exercise and the correspond- 
ing values of each parameter.’ Comparisons were 
performed using analysis of variance for repeated 
measurements; p values <0.05 were considered signif- 
icant. Data were expressed as mean + standard devi- 
ation. 

All patients performed the 3 exercise stress tests 
without any complications. The mean values + stan- 
dard deviations of ergometric variables and the re- 
sults of statistical analysis are listed in Table II. At 
rest, the intravenous administration of 1 mg of atro- 
pine, compared with that of saline solution, resulted in 
a significant increase in heart rate from 71 + 10 to 
104 + 11 beats/min (p <0.01) and a slight but signifi- 
cant reduction in systolic blood pressure from 135 + 
16 to 125+ 14 mm Hg (p <0.05). As a consequence, 
rate-pressure product at rest increased from 9,695 + 
2,236 to 13,000 + 2,239 mm Hg - beats/min (p <0.01). 
The administration of 1 mg of isosorbide dinitrate 
induced an increase in heart rate at rest from71 + 10 
to 85 +15 beats/min (p <0.01) and a concomitant 
decrease in systolic blood pressure from 135 + 16 to 
118+11 mm Hg (p <0.01); rate-pressure product 


= was unchanged from its baseline value. Both atropine 


and isosorbide dinitrate did not influence the rate of 


RPP AT ISCHEMIA 


| FIGURE 1. Compared with baseline test (BAS), both atropine 


increment of heart rate, systolic blood pressure and 


rate-pressure product during exercise compared with 


placebo. Onset of ischemia was reached at a signifi- 
cantly higher rate-pressure product with both atro- 
pine and isosorbide dinitrate than during the baseline 
test (Figure 1, Table II). Atropine produced this effect 
with a significant increase in heart rate at ischemia 
(112 + 16 vs 137 + 11 beats/min, p <0.01), whereas 
isosorbide dinitrate produced the same effect, but 
with a slight, although not significant, increase in both 
heart rate and systolic blood pressure. Exercise time 
to ischemia was increased by isosorbide dinitrate only 
compared with that during baseline test (6.2 2.4 to 
8.4 + 2.3 minutes, p <0.01). Atropine, despite the sig- 
nificant improvement in rate-pressure product at 
ischemia, did not increase exercise time to ischemia 
because of the simultaneous increase in resting rate- 
pressure product (Figure 2). 

Results from this study show that atropine and isosor- 
bide dinitrate both induced a significant and similar in- 
crement in rate-pressure product at ischemia compared 
with placebo. Based on the assumption of a linear rela- 
tion between rate-pressure product and myocardial oxy- 
gen consumption, an increase in myocardial blood flow 
due to coronary vasodilation could be postulated, even if 
variations of cardiac volume and contractility, 2 addi- 
tional determinants of oxygen consumption, are ignored, 
Several studies have documented that coronary vasocon- 
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myocardial oxygen consumption 
(higher rate-pressure product at rest and at each level of exer- 
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ability during exercise in patients with CAD.“ Usin 

-quantitative angiography, Brown: ane Gage’ ad their 
_ co-workers were able to show a worsening of the stenosis 
during exercise and its prevention by nitroglycerin ad- 
ministration. This phenomenon may account for the 
short-term ~ariability of the ischemic threshold frequent- 
ly observed in patients with effort angina and for the 
increase in -schemic threshold after administration of 
nitrates and calcium antagonists.? This inappropriate 






























crement of «sympathetic tone during exercise.® The role 
_ of a stimuEtion in the attenuation of flow response to 
exercise has been documented in experimental studies, 
> whereas the therapeutic effect of a blockade on effort 
and resting angina is negligible. | 
The recent observation of Furchgott and Zawadzki® 
< on the key ole of the endothelium in the regulation of 
<> coronary vascular tone has focused attention on the tone 

~~ disturbances in deendotheliated coronary atherosclerotic 
~ vessel segments. Evidence exists indicating that the endo- 
thelium is the source of the endothelium-derived relaxing 
factor that sounterbalances direct constrictor stimuli of 
the vessel’s muscular wall. Several agents, such as acetyl- 
choline, blead cell products, neuropeptides, hormones 
and physiccehemical stimuli, have at the same time been 
shown to exert an endothelium-mediated vasodilating 
effect and < direct constrictor effect on vascular smooth 
muscle. Te recent experimental demonstration that 
adventitial application of acetylcholine on both femoral 
arteries anc Soronaries can produce an endothelium-me- 
diated dilat.en? gives the key for a possible pathophysio- 
logic interp~ztation of the impairment of both local ace- 
tylcholine and flow-mediated mechanisms leading to cor- 
onary dilat.en in CAD.'° On this basis, an increased 
coronary tce during exercise might be related to the 
persistence ef a direct. parasympathetic coronary con- 
striction the: is not balanced by an adequate production 
of endotheliam-derived relaxing factor. 

In conclusion, from the results of this study a role of 
parasympat etic vasoconstriction of atherosclerotic coro- 










posed as a drug for t treatment of effort fachemid b > 






tion. Further studies are needed to ascertain, in a more 


vessels during exercise can be confirmed, the search for- 


coronary vesoconstriction has been attributed to the in- vessels, but not on sinus node automaticity, could be 









of its concomitant effect on myocardial oxygen consum 






direct way, the effect of parasympathetic blockers on 
normal and diseased coronary segments during exercise. 
If parasympathetic vasoconstriction of diseased coronary = 


antimuscarinic agents with selective effect on coronary 


worthwhile from the perspective of defining an alterna- 
tive physiologic approach to the treatment of effort isch- 
emia. 
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ecently we reported on the chemical ablation of 
- atrioventricular (AV) conduction by selective 
“x injection of pure ethanol into the AV nodal coro- 
nary artery.! In this communication we would like to 











patients. 

All 11 patients had paroxysmal (n= 9) or perma- 
nent (n = 2) atrial flutter or fibrillation. Electrical 
: ablation of AV conduction had unsuccessfully been 
S attempted in 8 patients. The method of identification 
_ and selective catheterization of the AV nodal coronary 
_artery has been previously described.' In following the 
observation that the injection of iced saline solution 
- through the catheter resulted in high-degree or com- 
plete AV block, we gave 11 patients an injection of 0.3 
to 3 ml of 96% ethanol. Because of our experience 
-with backflow of alcohol along the catheter leading to 
inferior myocardial infarction (patient 4),! we care- 
fully checked backflow after fluid injection through 
the catheter in the last 7 patients by administering 
-iodinated contrast before alcohol was given. In all 
~ patients cardiac enzymes were obtained every 6 hours 
_ for 22 days after ethanol injection. Pacing by way of a 
_ transvenous temporary right ventricular apical pacing 
catheter was performed for 2 days. During that time 
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Ethanol 
- (mi). 


Age (yr) 





port on ‘the long-term follow-up of this intervention in transvenous pacemaker wa. implanted. 


ventricular pacing was ; interrupted a few times ea 
day to check AV conduction. If complete or h 
degree (ventricular rate less than twicethe sinus 
AV block was still present after 2 days, ) 























-= The type of pacemaker (DDDR or VVIR) 
selected after the atrial contribution to ventricula 
performance was evaluated: by echo-doppler n mea- ; 
surements. - 

In all patients complere or high- -degree AV block 5 
was accomplished acutely by selective ethanol 1 injec- 
tion into the AV nodal coronary artery. One patient in 
a previous report! regained normal AV conduction — 
within 24 hours and a second injection of alcohol was __ 
given, which not only resulted in complete AV block 
probably because of backflow of ethanol along the 
catheter, but also in an inferior myocardial infarction. 
Two of the remaining 10 patients had recurrence of 
AV conduction after 7 and 28 days, respectively. A 
coronary angiogram recorded after recurrence ofnod- 
al AV conduction showed an occlusion of the AV 
nodal coronary artery in 1 patient and a vessel still 
open in the other. During a follow-up period of 5 to 20 
months (mean 10.3), the other 8 patients all had per- 
sistence of the same degree of complete or high-degree 
AV block. Ventricular rates varied from 40 to 65 
beats/min. In the 1 patient who received alcohol twice 
in the AV nodal coronary artery, complete AV block 
was still present 17 months after the second injection. 




























Rhythm After Ablation 








F/U 
(mo) 





initial Long-Term 










-AF,VR* < 100 beats/min 
1:1 AV cond. after 12 hours 






AF,VR* < 100 beats/min 





: follow-up ® F ‘sit. 
No correlation was found between persistence of 
complete oz high-degree AV block and the amount of 
alcohol injezted or the maximal postablation cardiac 
enzyme value (Table I). On echocardiographic exam- 
ination, apart from patient 4 who developed inferior 
yocardias infarction, only patient 7 had (in the ab- 
nei »S'.T changes) a small area of h ypokinesia 
in he infereposterior region of the left ventricle. 
In 9 of che 11 patients, a similar degree of AV 
block was resent immediately and a mean of 10.3 
| months after injection of 96% ethanol into the AV 
nodal corozary artery. In one of these 9 patients, a 


"second injection of alcohol was required to obtain- 
o permanent AV block. This suggests that in 72% of i 


patients in whom the AV nodal coronary artery can be 
` catheterizea, permanent complete or high- degree AV 
-block can xe accomplished by a single injection of 
alcohol. Recurrence of 1:1 AV conduction was ob- 

served in 3 zatients: in 1 (who subsequently received a 


ee second injee-ion of ethanol) within 24 hours and in the 


other 2 after an interval of 7 and 28 days, respectively. 


This sugges that if AV conduction recurs, it does so 


within 1 month after the procedure. The amount of 
alcohol infected into the AV nodal artery did not 


appear to Ee related to the result or to the maximal 
postablatiow serum glutamic oxalacetic transaminase 
value. Apa from patient 4 who developed inferior 


U. This pation: ada no 5 ORS-T changes, ‘Bae. a 3 

hypokinetic area in the posteroinferior region A 

seen on echocardiographic examination. 3 
We believe that transcoronary ablation of AV con- 


duction should still be considered an experimental proce- 
dure. The optimal dose, concentration and speed of injec- 


tion of alcohol is not known. Refinements in catheter 
design may lead to greater safety of the procedure. Also, 
its value compared with electrical ablation of AV con- 
duction is not clear. Whereas high-energy electrical abla- 


tion of the AV junction is not without morbidity and n 


mortality,? the use of radiofrequency energy is promising 
because it allows a safer, gradual, better-controlled mo 


ification or interruption of AV nodal conduction.?” A 


place for chemical ablation in creating permanent. A y 
Pa therefore needs to be established. - ee: 
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 DEFBRILAT Study Group 





pea he problem of sudden death in patients with ad- 

~ vanced heart failure!~} is brought into especially 
‘ sharp relief when it occurs among patients await- 
1g cardiac transplantation. Preliminary observations 
uggest that the implantable cardioverter-defibrillator 
n be used empirically as a “bridge” to transplant in 
atients who survive cardiac arrest from: sustained ven- 















It is therefore reasonable to consider undertaking a clini- 
< eal trial that would scientifically assess the effective- 
-ness of prophylactic implantable. cardioverter-defibrilla- 

tor therapy in patients awaiting cardiac transplantation. 

The design of such a bridge-to-transplant trial neces- 

-= $itates a realistic estimation of the actuarial risk of sud- 
den death in an appropriate group of patients awaiting 

-cardiac transplantation. To obtain the requisite actuarial 

us data, we. chose to focus on patients with atherosclerotic 
heart disease rather than those with nonischemic dilated 

cardiomyopathy because (1) recent observations® sug- 
gest that terminal ventricular tachyarrhythmias may 
-<o play a more significant role in precipitating cardiac death 

-in heart failure patients with atherosclerotic heart dis- 

-~ — ease, and (2) electrophysiologic testing holds greater 

"promise in the setting of atherosclerotic heart disease for 

ae ‘selecting patients at risk for sudden tachyarrhythmic 

 death.67 
< All patients placed on cardiac transplantation 
waiting lists at 11 centers, from January 1, 1988, 
through December 31, 1989, were considered for in- 

"> clusion in the study. An additional entry criterion was 

-= New York Heart Association (NYHA) functional 

class Il] or IV at the time the patient was placed on the 

waiting list. Patients were excluded if they had a his- 
tory of cardiac arrest or documented sustained ven- 





as tricular tachyarrhythmias, or if they had undergone 


a tmplaniation of a total artificial heart. — 
Patient outcome was classifi ed into l of 3 catego- 
ae ries: transplanted, dead before transplantation, or 
alive at last follow-up but not yet transplanted. The 
-= cause of death was further subclassified into the fol- 
Ae lowing categories: sudden — unexpected death within 
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Actuaria of Sud eath While Awaiting Cardia 
ransplantation h in 1 Patients with Atherosclerotic Heart Disease 


tricular tachyarrhythmias while awaiting a donor heart.4 


_ plantation (number of sudden deaths divided by nur 













an hour of change in symptoms, or unwitnesse 
previously compensated patient; cardiac nonsude 
—any death of cardiac. origin but not qualifyi 
sudden; and noncardiac — ee - death considered not 
of cardiac origin. — 3 

Three hundred nine patients formed the study 
ulation, Median age was 54 years (range 23 to 66) 
88% were men. The median duration of follow-up 
84 days (range 1 to 860). The number of events occu 
ring over this time period are summarized in Table 
The crude sudden death rate while awai ting tran 















































ber of patients placed on list) was 11% for the entire 
study population, but according to functional class. 
was 14 and 6%, respectively, for NYHA class HI an ; 
IV patients. Sudden death constituted a greater pro- . 
portion of the total mortality in class HI(61%) versus 
class IV (21%) patients, but a greater proportion of : 
class IV patients were transplanted during follow-up. ge 
There were no significant differences in age or sex co 
between class III and IV patients. ae 

Estimated actuarial event rates at 6 and 12 : 
months, using a Kaplan-Meier analysis, are summa- 


TABLE | Outcome in Patients with Atherosclerotic Heart 
Disease Placed on Cardiac TAU rartation Waiting Lists at11 ` 
Medical Centers 


Class fH | 
(m9 =181) 
96 (53) 
41 (23) 


Total 
(n = 309) ` 


176 (57) 
80 (26) 


Class.JV 
{n = 128) 


80 (63) 
39 (30) 


Outcome 


Underwent transplantation (%) 
Died while on-list (all causes) 
(%) 
Sudden death (%) 
Cardiac nonsudden (%) 
Noncardiac/unknown (%) 
Still awaiting transplantation 
(%) 
Removed from list (%) 
Lost to follow-up (%) 


25 (61) 
14 (34) 

265) 
39 (22) 


8 (21) 
25 (64) 

6 (15) 

6 (5) 


33 (41) 
39 (49) 

8 (10) 
45 (15) 


— -6(3) 


1 (1) 
— 22) 


6 (2) 
2 (1) 








TABLE ii Actuarial Event Rates (% + SE) Among 309 Patients 
with Atherosclerotic Heart Disease Awaiting Cardiac 
Transplantation 














At 6 Months 





At 12 Months 









Class IH 





Class iY Class Hil 







Class IV 2 


Death 
Sudden 
Nonsudden cardiac* 




















T. and IV patients, the 


~ was approx? nately 4 times that of class HI enrollees. 
‘The cumulative transplant rate among class IV pa- 
ients was aso significantly greater, with a median 
imei to transplant of 8.3 months (range 0 to 23) versus 
9 months (range 0 to 23) in class II patients 
<0.0001 log-rank test). 
‘This mu ficenter retrospective analysis indicates that 
tie] itkadvanced heart failure due to atherosclerot- 
heart disezse face approximately a 20% cumulative 1- 
risk of sudden death while awaiting cardiac trans- 
plantation. .*Ithough congestive heart failure treatment 
and antiarrhythmic therapy (if present) were not con- 
trolled, and aemodynamic and biochemical parameters 
fe were not ava.lable for analysis, the study population rep- 
oe -resents a brcad cross-section of patients placed on cardiac 
< transplantation waiting lists at centers around the coun- 
try over a sery recent time period. Interestingly, the 
-actuarial risk of sudden death at 1 year, estimated from 
our study, æ virtually identical to that of the recently 
reported Umversity of California, Los Angeles, experi- 

ence involvæg 62 patients evaluated for cardiac trans- 
plantation.® 

Our resets have important implications for the de- 
sign of a brxge-to-transplant study in patients with ath- 
erosclerotic 1eart disease. The high nonsudden cardiac 
death rate s well as the higher cumulative transplanta- 
tion rate fcr NYHA class IV patients suggest that it 
would be very difficult to demonstrate any benefit of 
prophylactic: implantation of an implantable cardio- 
verter-defibaallator in that subpopulation. The fact that 
operative mcrtality related to defibrillator implantation is 
likely to be greater in these persons’ argues further 
against par-acipation of class IV patients in a bridge-to- 
transplant trial. By contrast, we found that sudden death 
accounted “er a greater proportion of cardiac and all- 
cause mortasity among NYHA class III patients, consis- 
tent with previous observations.’ Thus, a bridge-to-trans- 
plant trial using an implantable defibrillator will be most 
efficient if endertaken exclusively in NYHA class IH 
patients. Owr data on actuarial risk of sudden death may 
_ be used to estimate what proportion of these patients 
© potentially might benefit from defibrillator therapy 
i (i.e., those who will succumb to sustained ventricular 
- tachyarrhy“amias). Such estimates, in turn, can serve as 



















- 7 | ) e nonsudden | 
cardiac death rate at 12 months in-class IV patients 
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APPENDIX ues 
DEFIBRILAT (DEFibrillator as BRidge to > LAter 
Transplantation) Study Group: Michael H. Lehmann, 
M.D., Principal Investigator. Participating centers and — 
investigators: Brigham and Women’s Hospital, Boston: 
Peter L. Friedman, MD, PhD. Loyola University Medi- 
cal Center, Maywood: David J. Wilber, MD. Medical 
College of Virginia, McGuire VA Medical Center, Rich- 
mond: Kenneth A. Ellenbogen, MD. Minneapolis Cardi- 
ology Associates, Minneapolis: Adrian K. Almquist, 
MD. Presbyterian University Hospital, Pittsburgh: Rob- 
ert Hardesty, MD; Barry F. Uretsky, MD; Patrick J. ~ 
Tchou, MD. Stanford University Medical Center, Stan- 
ford: L. Bing Liem, DO; Michael B. Fowler, MD. Uni- 
versity of Alabama at Birmingham, Birmingham: An- 
drew E. Epstein, MD. University of Florida, Gainesville: 
Anne B. Curtis, MD; Edward D. Staples, MD. Universi- 
ty of Michigan Medical Center, Ann Arbor: Hugh Cal- K 
kins, MD. Washington University School of Medici 
St. Louis: Bruce D. Lindsay, MD. Wayne State Ui 
sity/Harper Hospital, Detroit: Michael H. Lel 
MD: Barbara S. Fromm, MA; Russell T. Steinman 
MD; Marc D. Meissner, MD; Claudio D. Schuger, N MD 
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ardiovascular disease is the leading cause of 
morbidity and mortality in old age. The use of 
wa noninvasive methods has increased the possibili- 
y of distinguishing between cardiac disease and changes 
left ventricular (LV) structure and function related to 
ormal physiologic aging. Knowledge of age-related 
hanges in the heart is mainly acquired from cross-sec- 
tional studies'~7 and few subjects >75 years of age have 
been studied. The high prevalence of cardiovascular dis- 
ease in the elderly makes it difficult to find healthy study 
subjects aged >75 years. Results from several cross- 
“sectional studies show that aging is associated with in- 
= creased LV mass and disturbed LV diastolic filling. Data 
ee from the Framingham study indicate that increased LV 
ie : mass may not be an inevitable consequence of aging in a 
healthy population.” The aim of this longitudinal investi- 
gation of healthy men and women, aged >75 years and 
ue ` derived from representative population samples, was to 
study the influence of aging on LV structure and function 
over a 4-year period. 
The population study “70-year-old people in 
: Gothenburg” isa longitudinal study, initiated in 1971, 
-~ with a representative sample comprising 30% of the 
o 7? 0-year-old population in the city (n = 1148, partici- 
oS pation rate 85%). From 1976 to 1977, another sample 
A 70- year-old patients (n = 1281, participation rate 
i. - 81%) was examined. The surviving persons from these 
ae samples have been followed longitudinally up to ages 
: 85 and 79, respectively. Two subsamples of healthy 
men and women at ages 75 and 81 years, respectively, 
t were selected according to the following exclusion cri- 
— i teria: history of myocardial infarction; history of 
stroke; angina pectoris, according to Rose®; congestive 
heart failure; diabetes mellitus; treatment with car- 
-diovascular drugs; chronic obstructive lung disease; 
-malignant disease during the last 5 years; dementia; 
: pathologic electrocardiogram, according to the Min- 
sota code!?—major Q waves (Minnesota codes 1.1, 
- 2),. left bundle branch block (7.1), ST-J depression 
= 20.5 mm (4.1, 4.2), negative or biphasic T waves (5.1, 
D 2) or atrial fibrillation (8.3); diastolic blood pres- 
- sure >95 mm Hg; and increased relative heart volume 
-on chest x-ray or other serious disease. 
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(7 cardiovascular disease, 1 dementia, 1 rectal tu- 









The 2 study groups of healthy subjects, exami 
at ages 75 (11 men and 20 women) and 81 (19 F 
and 17 women), were followed over 4 years and re 
amined at ages 79 and 85, respectively. At age 79 
man and 4 women were excluded owing to disease 
cardiovascular disease, l dementia, | serious 
arthrosis), and 2 men and 7 women refused to p 
pate. Among the subjects included at age 81, 
and 1 woman (14%) had died before age 85. Fou 
and 5 women were excluded at age 85 owing to dise. 














































mor), and 1 man and 4 women did not wish to partici- 
pate. This report is restricted to 8 men and 9 women, 
investigated at ages 75.and 79, and 10 men and 7 
women, investigated at ages 81 and 85. All these sub- 
jects were without definable disease both at inclusion S 
and at longitudinal follow-up 4 years later. a 
A noninvasive heart examination including record- 
ing of blood pressure and heart rate, electrocardiogra- 
phy, echocardiography, apexcardiography, phono- — 
cardiography and carotid pulse tracing was per- 
formed at inclusion and after 4 years. Resting blood — 
pressure was measured in the supine position using 
the Hawskley random zero equipment. Diastolic — 
blood pressure was defined as Koretkoff phase 5. — 
Blood pressure was calculated from duplicate meas 
surements and determined to the nearest 2mm Hg. — 
All noninvasive investigations were performed by 2 _ 
investigators according to a standardized schedule. 
Two-dimensional echocardiographic recordings of 
routine views were made as a guidance for the M- 
mode echocardiographic recordings. No regional wall 
motion abnormality was seen on the 2-dimensional © 
echocardiograms during either period. Echocardiog- 
raphy was performed using an IREX system II re- 
corder, with the patient in the left lateral position and 
with the bed head raised approximately 30°. LV in- 
ternal diameter and septal and posterior wall thick- 
nesses were measured at the peak of the R wave in the 
electrocardiogram and at the point of the shortest 
distance between septal and posterior wall during sys- 
tole. The leading edge to leading edge method was- 
used. Calculation of LV mass and LV ejection phase’ 
indexes was based on the assumption that the left 
ventricle may be geometrically represented as a pro 
late ellipsoid! LV mass was corrected for body $ | 



















-i Body mass ircex (kg/m?) 
sstolic blooc oressure (mm Hg) 
Diastolic bloce pressure (mm Hg) 
Heart rate (bexts/min) 
diameterg@nm) 
/ diameters<m) 
VS'+ LV pos:erior wallg (mm) 
S + LV pos:erior walls (mm) 
LV mass (g) 
LV mass/BSF g/m?) 
Aiea ale 


A20 (%) 

Fractional shortening (%) 

‘Mean Ver (ci-ws) 

End-systolic ™S (103 dynes/cm? ) 


Baseline 


(n = 34) 


25.1 + 4.1 
154 + 16 
TIES 
68 + 11 
52.9 + 4.4 
33.5 23.2 
20.7 + 2.8 
31.9+3.8 
217 + 53 
122 + 29 
130 + 29 
41.2+53 
119+ 15 
36.9 + 5.7 


1.17 + 0.21 


38 + 11 


Follow-Up 
(n = 34) 


24.7 + 3.9 
169 + 23 
B4 +10 
63 +8 
50.7 + 5.7 
31.1 + 4.6 
22.7+34 
33.1+3.8 
224 + 55 
127 + 31 
134 + 33 
44.0+5.5 
123 +15 
38.7 + 4.1 


1.22 + 0.16 


36 +10 


75 Years 
(n= 17) 


24.7 + 3.7 
148+ 15 
777 
72212 
52.7 + 4.2 
33.3 + 5.6 


21.2 + 3.0 


32.8 + 3.9 
221 + 55 
123 + 33 
130 + 31 
41.2+ 6.2 


121 +15 


37.1 + 5.8 


1.19 + 0.22 


36+ 11 


79 Years 
{n = 17) 


24.0 + 3.4 

165 + 22 
85 +11 
64+ 8 


50.1 + 5.4 


39.7 + 5.0 
22.0 + 2.8 
32.7 + 3.8 
214 + 49 
120 + 25 
126 + 27 
42.727.1 
122 + 14 
38.9 + 5.0 


1.23 + 0.17 


36 +11 


81 Years 


(n = 17) 


25.6 + 4.5 

159 + 17 
78 + 8. 

6448 


53.3 + 5.0 


33.8 + 5.0 


30.6+#3.3 — 


210 + 52 
121 + 23 


128 + 28. 
41.2444 — 


117'# 15 


36.6 + 5.6- 
1.13% 0.20 


40 17 


Peak-systolic "VS (103 dynes/cm? ) 221 + 49 218 +72 


TAA A20% = left vex 
: ` septal; WS = wallscress. 


the point of maximal cardiac impulse, simultaneous- 
-ly with the phonocardiogram and electrocardiogram 
-iñ relaxed expiratory apnea, with the patient in a left 
-lateral posi*.on. The distance between the aortic com- 
-= ponent of the second heart sound (A2) to the O point 


- `of the apexeardiogram (420 interval) was also mea- 
-.sured.!? Sinee the A20 interval varies with heart rate, 


- this interva. was also expressed as a percentage of the 


Systolic blood pressure 

Diastolic bleed pressure 

LV diameter diastole 

VS + LV posterior wall diastole 

LY mass 

¿LY diameter: ystole 

VS + LV pos“erior wall systole 

: ‘Endsystolic wall stress ey | 
“Fractional skertening 

‘Ler t atrium 


AV relexatiostime index 


_ 720 c18 710-5 


- 209 + 48 212 + 62 242 £ 47 228 + 91 


ericular relaxation time; BSA = body surface area; q = diastole; LV = left ventricular: s = systole; Ver = velocity of circumferential fiber Shortening; Vs = ventric 


expected value at the observed heart rate (420% de- 
fined as “LV relaxation time index”) using the regres- 

sion equation: A2O expected = 179 — 0.815 Xob- 
served heart rate. This regression equation was de- 


rived from the relation between heart rate and A20, __ 
determined in a reference group of 49-year old men,in 


which the mean value for A20% was defi ned _ 
100%.!4 ea ; x 
The main analysis concerns all 34 subjects, com- 


paring baseline data with the 4-year follow-up data. = 
For descriptive purposes, subgroup analyses have 
been performed for the 2 age groups and for both 
sexes. Paired permutation t test was used to test the 


hypothesis of no difference between baseline. and fol- 
low-up measurements. A value of p <0.05 was consid 7 
ered statistically significant (2-sided) © | 
Significant increases in systolic and diastolic blood 
pressures were found during the 4-year follow-up te 
gether with a slight decrease in heart rate (Tabk 
Figure 1). The subgroup analyses. showed signifi al 
increases in systolic and diastolic blood pressures in 
men and women and also in the 2 age groups. LV 


thickness increased significantly during the 4-yea 


od. LV diameter in systole and diastole decreased sign 
cantly. No significant change in LV mass was foun 
subgroup analyses showed a. significant increa 
thickness in men and also in all subjects aged 81 
years. A significant i increase in left atrial diam 
found during follow-up. This increase was si 

also i in the aes eae of subjects aged 











and diastolic blood pressures during 
ear follow-up period. LV wall thickness increased 
cantly during the 4-year follow-up period, as well. 
omitant signs of reduced LV distensibility were re- 
as indicated by a decrease in LV end-diastolic 
and an increase in left atrial size. There were no 
any change in LV systolic pump function. 
the high prevalence of cardiovascular and other dis- 
eases s among elderly subjects implies certain difficulties in 
lefining healthy study groups. Two representative sam- 
ples, including 768 subjects at age 75 and 404 at age 81, 
nade it possible for us to find a group of healthy subjects 
or a longitudinal study. Strict inclusion criteria were 
‘used to define the group as healthy. The aim of the 
investigation was to study LV function in healthy elderly 
people during 4 years of physiological aging. Subjects 
with signs or symptoms of disease occurring during the 
follow-up period were consequently excluded. The lack 
of sex differences at high ages made possible the pooling 
ee a of men and women in the statistical analysis of longitudi- 
-nal changes after age 75. 

Our results, indicating that aging of the heart in 
healthy people in this age group mainly affects LV dia- 
stolic function and not LV systolic function, accord well 

-with results from cross-sectional studies.!~6!3 Several 
`= studies using Doppler echocardiography have shown a 
slowing of the peak velocity of rapid mitral inflow with 
age and an age-related increase in mitral inflow velocity 
during atrial contraction. 
| The increases in systolic and diastolic blood pressures, 
especially in subjects aged 81 to 85 years, are interesting, 
however, since earlier studies have shown decreases in 
systolic and diastolic blood pressures after age 75.1415 
Longitudinal data up to age 85 from our study group 
"= show that the decrease in systolic blood pressure begins 
later and is less pronounced in subjects without disease 
(unpublished data). It seems possible that a subgroup of 
“healthy” subjects in our study at the age of 85 have not 
: reached the point when blood pressure starts to decrease. 
=. The question arises: What is the explanation for the 
ncrease in wall thickness recorded during follow-up? 
‘One possibility i is an increase in wall thickness due to an 
rease in afterload, but in such a case it is likely that an 
Tease in LV mass would have been recorded. We did 
not observe any increase in LV mass. Another explana- 
tion might be an increase in wall thickness secondary to 
‘an increased stiffness of the left ventricle. It has been 
shown that structural changes in the heart, related to 
g , are characterized by fibrosis and an increase in 
ous tissue. 115 An acceleration of these degener- 














































if filling préssures don’t increase, ther 





m estigation showed denni | 


hange in the heart it probanly also o occurs in ihes Am Heart J 1988;116:296-300. 








diameter will decrease somewhat and wall i 
increase accordingly without any change in 
such as we observed. Consequently, we speculate th 
increased LV wall thickness is secondary to degener. 
changes rather than to increased afterload. The wel 
preserved systolic LV function may support this hypot 
sis, Another finding supporting this interpretation is 
there was no relationship between changes in blood 
sure and changes in LV wall thickness. The increa: 
left atrial size is probably a sign of decreased LV diste 
bility. Further prospective studies using noninvasive tec 
niques in larger groups and with a longer follow-up € 
od are warranted to study aging of the heart and = 
cardiovascular system. B 
The diastolic dysfunction related to normal agi 
must be taken into consideration in the medical manage 
ment of elderly patients with cardiovascular disease. Bet 
ter diagnostic criteria are needed to optimize drug treat- 
ment in patients with symptoms of LV dysfunction: A- 
more strict attitude toward the use of digitalis and diure- 
tics might be advisable in patients with dyspnea on exer- 
tion secondary to filling problems of the left ventricle 
rather than to decreased LV contractility. Ue 
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Influence of Doppler Sample Volume Location on Ventricular Filling 


Velocities 


Warwick M. Jaffe, MBChB, Timothy A. Dewhurst, MD, Catherine M. Otto, MD, 


and Alan S. Pearlman, MD 


he rat of peak early diastolic (E) and peak late 

diastclic (A ) velocities, measured from the Dopp- 

ler mEral waveform, has been used widely to 
assess left vem-ricular diastolic function.'~! This ratio is 
also affected by age,>!! heart rate!? and loading condi- 
tions.*:®? In same studies, Doppler waveforms have been 
recorded by sampling at the mitral anulus,'~* in others 
the sample wlume has been placed between the free 
margins of tre mitral leaflets,>~’ and in some the mea- 
surement site ^as not been clearly defined.*-!° There is 
no consensus segarding the optimal position. In the pre- 
sent study we measured E/A ratio at both the mitral tips 
and anulus im 300 consecutive patients to determine if 
sample volume location had an important influence. 

The stud} zroup consisted of 300 consecutive adult 
patients who met entry criteria during a 6-month peri- 
od, Of 779 zatients referred for echocardiographic 
evaluation, 179 (61%) were excluded because of mi- 
tral stenosis 46%), mitral valve prosthesis (3%), ar- 
rhythmia (7@), lack of EJA separation due to tachy- 
cardia (16%. technically inadequate Doppler wave- 
forms (9%), ,ailure to record Doppler data at both 
anulus and leaflet tips (10%), and limited study with 
no Doppler p=-formed (10%). In each patient, age, sex 
and clinical siagnosis were noted. 

Mitral wceeforms were recorded by pulsed Dopp- 
ler, generally asing an Advanced Technology Labora- 
tories instrument (model 600, UM6, UM8 or UM9). 
In a few patizits an Acuson (model 128) or Hewlett- 
Packard (model 77020) instrument was used. A 5- 
mm sample Plume was positioned first between the 
mitral leafle’s at their free margins and then at the 
mitral anulus level. Recordings were taken during 
quiet respirawon and stored on videotape. Beats show- 
ing the highest E and A velocities were recorded. 

Measurenents were made using an off-line com- 
puter system I Nova MicroSonics, Indianapolis, Indi- 
ana). E and A velocities were measured (Figure l). 
Doppler measurements were made at the darkest out- 
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er portion of the velocity waveform in beats showing 
the least spectral dispersion. At each site, 3 beats were 
measured. Measurements were made without knowl- 
edge of clinical or other echocardiographic findings. 

Another independent observer prospectively as- 
sessed each echocardiogram and used standard meth- 
ods to determine: (1) ventricular septal and posterior 
wall thickness at end-diastole; (2) segmental wall mo- 
tion abnormalities (present or absent); (3) global left 
ventricular systolic function (normal, mildly reduced, 
moderately reduced and severely reduced); (4) sever- 
ity of valvular regurgitation (0 to 4+); (5) presence 
and severity of aortic stenosis; and (6) other echocar- 
diographic abnormalities. 

Based on the clinical and echocardiographic data, 
a subset of 56 normal patients was identified. In these 
patients, echocardiography had been performed to 
rule out a source of embolus, to evaluate syncope or 
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FIGURE 1. Sample volume location and Doppler recordings at 
mitral leaflet tips (top panel) and anulus (bottom panel). Flow 
velocity is displayed on vertical axis and time on horizontal 
axis. A = peak velocity in late diastole; E = peak velocity in 
early diastole; LA = left atrium; LV = left ventricle. 
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palpitations, or to look for vegetations in patients with 
fever. These 56 patients had no clinical evidence of 
cardiac disease, and their chest x-rays, electrocardio- 
grams and echocardiograms were normal. 

All data were expressed as mean + standard devi- 
ation. Standard linear regression was used to measure 
intra- and interobserver agreement, as well as the 
strength of the relation between measures at the mi- 
tral leaflet tips and anulus for E and A velocities, and 
E/A ratio. Student's paired t test was used to compare 
mean values. 

In 30 randomly selected subjects, mitral wave- 
forms selected by the primary observer were remea- 
sured independently by the same observer and also by 
a second, blinded observer. Intraobserver variability 
was minimal; for the repeated observations, mean E/A 
ratio was 1.31 + 0.51 vs 1.32 + 0.53 (p = not signifi- 
cant) and the maximal difference was 0.18. The r 
value for this relation was 0.99. Interobserver vari- 


n=300 
r=0.60 
SEE=17.4 cm/sec 


"E" velocity at mitral annulus 
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FIGURE 2. Peak velocity at mitral leaflet tips (horizontal axis) 
is plotted against peak velocity at mitral anulus (vertical axis). 
Early diastolic (“E”) velocity is shown in top panel, and late 
diastolic (““A"’) velocity is shown in Jower panel. Dashed line 
is line of identity and solid line is regression line. In both 
cases, most points are below line of identity. SEE = standard 
error of the estimate. 


TABLE I Patient Data 


Parameter 








No. of patients 












Age (years) 56+ 19 40+13 
Heart rate (beats/min) 69 + 13 65+ 11 
E velocity tips (cm/s) 75 + 22 72+14 
E velocity anulus (cm/s) 45 +15 48 + 12 
A velocity tips (cm/s) 64 + 28 47+14 
A velocity anulus (cm/s) 47 +14 42 +10 
E/A ratio tips 1.36 + 0.65 1.63 + 0.53 
E/A ratio anulus 1.05 + 0.52 1.21 + 0.42 






Values (for age, heart rate and Doppler measures) are mean + 1 standard 
deviation 

A = peak late diastolic velocity; E = peak early diastolic velocity; Group 1 = entire 
series; Group 2 = patients without heart disease. 





ability was also small. Mean E/A ratio was 1.3] + 
0.51 for observer 1 vs 1.30 + 0.54 for observer 2 
(p = not significant). The maximal difference was 
0.35. The r value for this relation was 0.98. 

Table I summarizes the data from the 300 pa- 
tients. There were 162 men and 138 women, aged 18 to 
92 years. Mean E velocity was 75 cm/s at the mitral 
leaflet tips versus 45 cm/s at the anulus (p <0.001). 
Figure 2 shows a Statistically significant relation be- 
tween E velocities at the tips and at the anulus 
(y = 0.4X + 14.8, r = 0.60, standard error of the esti- 
mate [SEE] 17.4 cm/s). Mean A velocity was 64 cm/s 
at the tips versus 47 cm/s at the anulus (p <0.001). 
Figure 2 also shows a statistically significant relation 
between A velocities at the tips and at the anulus 
(y = 0.4X + 23.7, r = 0.71, SEE = 19.5 cm/s). None- 
theless, mean E/A ratio at the tips was higher than at 
the anulus (1.36 vs 1.05, p <0.001). Figure 3 shows 
the relation between E/A ratio at the tips and at 
the anulus (y = 0.6X + 0.2, r = 0.80, SEE = 0.39). 
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FIGURE 3. Peak early to peak late diastolic velocity (“E/A”) 
ratio at mitral leaflet tips (horizontal axis) is plotted against 
E/A ratio at mitral annulus (vertical axis). Most points are be- 
low line of identity (dashed line), and scatter of data increases 
with absolute value of E/A ratio. SEE = standard error of esti- 
mate. 
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is report shows that the E/A ratio can be different 
er measured at the mitral leaflet tips and at the mitral 
nulus. In some patients, these differences are substan- 
E velocity generally is higher at the tips than at the 
nulus, whereas A velocity also is higher, but by a rela- 
vely smaller amount. Thus, E/A ratio measured at the 
nulus is usually lower than at the tips. 
-One previeus study!3 compared mitral waveforms 
measured at 2 


normal subjec:s. Although the directional changes in E 
and A velocities were similar to those found in this study, 


there was no significant difference between mean A/E 
ratios at the 2 sites. The small number of patients evalu- 


ated, lack of abnormal findings and differences in sam- 
pling sites mev account for some of the numerical dis- 
_ erepancies between the 2 studies. 
< “o -Mitral diestolic velocities should be recorded with 
“pulsed Doppler, and anatomic landmarks should be used 


< to establish tæ site of sampling. Serial studies in the 


same person should use the same sampling site and 
should indicate the sampling site, because absolute values 
-for E and A vaocities and E/A ratios may differ signifi- 
cantly with sample volume placement. 
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-performing the echocardiographic studies, Ted Holzman 


? different sites (low in the left atrium 
| ke mitral anulus, and at the level of the 
mitral valve between the anulus and leaflet tips) in 40- 


< Statistical advice, a 


of the manuscript.” 
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Director of Cardiac Cath Lab 
Outstanding opportunity for B/C Invasive Cardiolo- 


gist with field experience. Associates with 1st 
class 325 bed hospital and very successful MSG. 


ARE YOU Currently performs 500 procedures a year with 
. double growth potential. No angioplasty now but 
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ELECTROPHYSIOLOGY 
Experienced electrophysiologist needed to 
(call toll free) preside over development, start-up and opera- 


eg tion of the first electrophysiology laboratory in 
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Sey ot: ; electrophysiologist to establish a first-quality 
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quality of life. 
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Jeffrey A. Long 
Director, Medical Planning 
Memorial Hospital 
1400 East Boulder 
Colorado Springs, CO 80909 
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Sometimes you have all day to watch waves. 
Most of the time, you don’t. 
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Thanks to HP’s new Monitoring Full 
Disclosure Review System, it’s never 
T been easier to review waveforms. 


he =} | This exceptionally fast, powerful, 
workstation-based system gives you 
ready access to up to 24 hours of 
ECG and other waveforms for as 
many as sixteen patients. 
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_ HP Monitoring Full 
Disclosure Review System. 


Using a simple point-and-click track 
ball, the system allows you to scroll 
through up to 30 minutes of wave- 
forms per screen, and quickly en- 
large sections of particular interest 
to you, all displayed on the industry’s 
highest-resolution color monitor. 


By making it easier and faster for 
you to assess patient progress, the 
Monitoring Full Disclosure Review 
System lets youmake quicker, better- 
informed decisions regarding diag- 
noses, adjustments in medication or 
therapy, and discharge or transfer. 


And we can also help ensure your 
success with HP ACCOMPLISH Cus- 
tomer Support. 


For more information, call us at 1- 
800-542-2351, extension 1120. Be- 
cause when it comes to waveforms, 
nobody gives you a better view than 
Hewlett-Packard. 
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e d ug acuse. Because 
illegal drugs, even in small 
doses, almost always produce 
eye signs. So perform a 
simple, | -minute rapid eye 
test to easily identify the 
influence of drogs. Then you 
can look the drug g problem 
right in the eye. 


Ís your patient 
abusing drugs? 
The answer may 
be in her eyes. 


PA 


į s $ 


- 
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General 
observation 


Pupil size 
Pupil reaction 


Nystagmus 
Convergence 


Corneal reflex 


Common findings 

Redness of sclera; Ptosis; 
Retracted upper lid (walleye or 
bug-eye); white sclera visible 
above iris, causing blank stare 
or exophthalmic appearance: 
Glazing (film over cornea); 
Excessive tearing of one or 
both eyes; Swelling of eyelids 


Dilation; Constriction 


Slow, sluggish, or absent 
response 


Failure to hold gaze; Jerkiness 
of movements 


Inability to track or hold the 
cross-eyed position 


Decreased rate of blinking 


Tennant F. The rapid eye test to detect drug abuse. 
Postgrad Med. 1988;84:109-114. 


Se nd for a copy of a journal 
reprint, hich details the 
proc ‘edures and common eye 
signs of various drugs, 


Name 

Specialty 

Address 

ia Stats Zip Code 
PARTNERSHIP FOR A DRUG-FREE AMERICA 
c/o PGM Reprint Manager 

4530 West 77th Street 


Minneapolis, MN 55435 
Fax 612-835-3460 








Independent Effects of Low Frequency Magnitude and Phase 
Distortion on the Recorded Electrocardiogram 


Ted J. Dustman, ME, Marc S. Fuller, PhD, and Sally Sharp, MD 


tronic amplification and filtering to increase am- 

plitude and to diminish noise before they are 
recorded. However, amplification and filtering may in- 
troduce unwanted magnitude and phase distortion in the 
recorded signal. The relative importance of inadequate 
magnitude versus inadequate phase responses of electro- 
cardiographic recording systems has been a subject of 
debate. Although electrocardiographic signal distortion 
due to inadequate magnitude response has been identi- 
fied,! there is evidence? that phase distortion has a 
greater effect on clinical interpretation of the recorded 
electrocardiogram. 

This study was designed to quantify the independent 
effects of low-frequency magnitude and phase distortion 
on electrocardiographic signals. Electrocardiographic 
signals from Holter recordings in 10 patients were digi- 
tized and processed by magnitude-modifying and phase- 
modifying filters. The independent effects of magnitude 
and phase distortion were evaluated by calculating cross- 
correlation coefficients between filtered and unfiltered 
waveforms in each patient. 

The study group consisted of 10 adult patients 
with angina pectoris who were scheduled to undergo 
either diagnostic coronary arteriography or an exer- 
cise treadmill test at the University of Utah. Holter 
recordings were performed during both procedures 
using 2 bipolar leads attached to either a DelMar 
model 456A cassette recorder or a Cardiodata C-60 


E lectrocardiographic signals must go through elec- 


© cassette recorder. The recording leads were attached 


to electrodes in the V-V3 position and in an infero- 
lateral V5-like position. Subsequent processing used 
the signal from the Vs lead only. 

Holter recordings were played back to anIBM PC 
using a Personal Computers for Medicine Holter cas- 
sette playback machine. The frequency response of 
the recording and playback system was measured to 
insure proper signal reproduction. The analog record- 
ing from each Holter tape was digitized with 12-bit 
accuracy and the digitized data were saved to disk. 
The effective sampling rate was 100 Hz. For each 
patient, a normal sinus beat was extracted from the 
digitized data file for analysis. To study the indepen- 
dent effects of magnitude and phase distortion, the 
digitized sinus beats were then processed by 2 types of 
filters. 

From the Department of Cardiology, School of Medicine, University of 


Utah, Salt Lake City, Utah 84108, Manuscript received February 1, 
1991; revised manuscript received and accepted April 11, 1991. 


To study the effects of magnitude distortion, we 
developed 3 finite impulse-response high-pass filters. 
The Fourier transform method with a Kaiser window 
function was used for the design of the filters.* Figure 
| shows the magnitude response of these filters. 

These filters delay all frequencies equally. This 
means that a signal processed by the filter will not be 
distorted by changes in phase, but will be distorted by 
changes in the magnitudes of the frequency compo- 
nents. High-pass filters suppress frequencies below 
the “cutoff” frequency. Cutoff frequencies of the fil- 





Magnitude (Decibels) 


0.01 0.1 ‘ 10.0 


Frequency (Hertz) 


quency at 2.0 Hz. 
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TABLE | Cross-Correlation Coefficients for Each Patient and Filter 


Patient Number 








l Mean + SD P 
All-pass 0.898 . 0.829 + 0.165 
(0.2 Hz) 
0.578 0.666 + 0.158 
0.227 0.448 + 0.218 
1.000 i 0.998 + 0.004 
| 1.000 0.991 + 0.015 


| 0.859 0.927 + 0.062 
i 


ters used in this study were 0.2, 1.0 and 2.0 Hz, respec- 

tively. = 
To study the effects of phase distortion we devel- 

oped 3 all-pass infinite impulse-response filters. All- 


pass filters have a unity magnitude response at all 
0.2 Hertz 
Filt er frequencies and they distort signals by changing phase 


A. 





relationships only. We designed three 2-pole all-pass 
filters with phase responses similar to fourth-order 
Butterworth filters. Butterworth filters are commonly 
used in electrocardiographic recording equipment and 
induce undesirable phase distortion. The all-pass fil- 
ters we developed induced maximal phase distortion 
(delay) near the frequencies 0.2, 1.0 and 2.0 Hz, re- 
spectively. Figure 2 shows the time delay at each 
frequency for these filters. 

The effects of magnitude and phase distortion 
were quantified by comparing an unfiltered waveform 
] 0 Hertz with its filtered counterparts. The normal sinus beat 
Filter of each patient was processed by the 3 finite impulse- 
response filters and by the 3 all-pass filters. Each of ` 
the resulting 6 waveforms were compared with the 
unfiltered sinus beat to evaluate the distortion intro- 
duced by each filter. 

For each patient, a cross-correlation coefficient 
was computed between the sinus beat and the 6 fil- 
tered versions of the sinus beat. The cross-correlation 
coefficient is given by”: 


— 





Delay (milliseconds) 


0.01 0.1 1.0 10.0 x? 2 
Frequency (Hertz) 2i y 2) 


where x and y are the waveform vectors to be correlat- 
FIGURE 2. Time delay curves for each all-pass filter. A., filter y fi 


| induces maximal delay near 0.2 Hz. B., filter induces maximal 

delay near 1.2 Hz. C., filter induces maximal delay near 2.0 Cross-correlation coefficients range from —] to 1. 
| 

| 





| Hz. Filter inducing no phase distortion would produce same A value of 1 indicates that the 2 waveforms being 


time delay at all frequencies, i.e., time delay curve would be í $ fois 
horizontal line. compared are identical, a value of 0 indicates that 
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they are uncorrelated and a value of —1 indicates that 
they are mirror images of each other. The value of the 
cross-correlation coefficient at which waveforms can 
be considered different depends on the nature of the 
waveforms and the purpose of the study. We chose a 
high value (0.98) that will discriminate small differ- 
ences in waveforms, but not be so high that differences 
may be due to computational round-off efrors. 
Table I shows the cross-correlation coefficients be- 
tween the unfiltered waveform and the 6 filtered 
waveforms for each patient. Figure 3 displays the 
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FIGURE 4. Demonstration that no filtering is 
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original waveform and its 6 filtered counterparts for 4 
patients. 

No change was induced by the 0.2-Hz finite im- 
pulse-response filter. The 1.0-Hz finite impulse-re- 
sponse filter induced a significant change in only 1 
patient. The 2.0-Hz finite impulse-response filter in- 
duced changes in most patients and values for the 
cross-correlation coefficients ranged from 0.80 to 
0.98. 

The phase distortion (all-pass) filters altered the 
electrocardiographic signals in the following ways: 
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when discrete Fourier transform (DFT) is followed by inverse discrete 


performed 
Fourier transform (IDFT). a., 1 cycle of 1-Hz sine wave; 1,000 points sampled at 1,000 Hz to produce figure. b., frequency rep- 


resentation of sine wave (derived via DFT); all 
spectrum. Waveform 


energy concentrated at 1 Hz. c. was produced by applying IDFT to frequency 
completely restored by IDFT. d., '/2 cycle of 1-Hz sine wave. Waveform created by sampling 1-Hz sine 
wave at 2,000 Hz for '/2 second, producing 1,000 points, as before. e., 


spectrum of waveform obtained via DFT; fun- 


frequency 
damental frequency of spectrum is 2 Hz. f. was produced by applying IDFT to spectrum. Half-cycle waveform is restored, dem- 


onstrating that DFT followed by IDFT performs no 
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7 correliition moe fficie cients and so the low correlajion co- 
E effi cients mey reflect the slope of filtered signals com- 
-pared with :hat of unfiltered signals). The 1.0- and 
2.0- Hz all-pass filters changed the sinus waveform 
significantl. for all patients, although the morpho- 
- logic chang>s that were produced varied. In some pa- 
~ tients there was elevation of the ST segment, whereas 
in others te ST segment was depressed. In some 
- patients the T wave was delayed and inverted. In many 
patients the ORS complex was altered. 

In this stedy we have demonstrated that inadequate 
low-frequenzy phase response has significantly greater 
effect on accurate reproduction of morphology than does 
-inadequate low-frequency amplitude response. Ampli- 
-= tude distortions <1 Hz do not appear to alter electrocar- 
diograms significantly, whereas phase distortion at fre- 
- quencies as w as 0.2 Hz result in significant changes in 
the electrocesdiographic waveform. This is especially im- 
portant with “egard to the ST segment because several of 
the distortieas resemble morphologies attributable to 
myocardial ischemia. 

There has been controversy regarding the optimal 
low-frequency response necessary to reproduce the ST 
segment accurately. Balasubramanian et alf reported 
that ST-segment distortion was caused by poor low- 
frequency amplitude response. However, results reported 
by Bragg-Remschel et al! suggest that extended low- 
frequency response capabilities are not necessary to accu- 
rately reproduce electrocardiographic signals. The ade- 
quacy of phe#e response of the recording system used was 
not considered in either of these 2 studies.!. 

In another study, Lambert et al’ attempted to exam- 
ine the effee:s of inadequate low-frequency magnitude 
response witsout introducing phase distortion. They con- 
cluded that removing frequencies as high as 2.0 Hz did 
not introduce any significant distortion in electrocardio- 
graphic signed: ee the filtering technique used in 


on ae 

















= etal used eaa discrete Fourier anom and the 
. inverse discraæte Fourier transform in combination with 3 
-sampling ratzs in an attempt to filter low frequencies 
- from the electrocardiogram. An electrocardiogram was 
sampled at -ates of 200, 1,000 and 2,000 Hz. At each 
rate, 1,024 samples were digitized, producing waveforms 
- with fundamental frequencies of 0.2, 0.98 and 1.95 Hz, 
respectively. Apparently, these investigators incorrectly 
~ believed tha: the sampled waveforms contained frequen- 
-< cies below tæir fundamental. The frequency spectrum 





inverse adon dic not ‘chang the wavef 









-ing ischemic ST segment bnoi 


panded by the forward 1 a: of Ours, did not 
in freqe below al (except for 1986:58:225-229. 













forward transform followed by the inverse. traiti 
with no intervening processing, will always reproduce the 
original waveform. Thus, there were no differences be- 
tween the “filtered” and unfiltered waveforms. Figure. 
illustrates this discussion. In this example, we sampl 
1,000 points of a sine wave at 1,000 Hz and agai 
2,000 Hz, and compute the discrete Fourier transform 
and inverse discrete Fourier transform of each sampled. 
waveform. In each case, no distortion is induced by the 
procedure. pa 
Taylor and Vincent?’ induced phase distortions with- 
out introducing magnitude distortion in electrocardio- . _ 
grams using an analog all-pass network to delay selected 
frequencies. The ST-segment changes they induced mim- 
ic those produced by myocardial ischemia. They conclud-. 
ed that an ideal electrocardiographic recording system ~ 
should have a linear phase response from 0.5 to 75 Hz. 
Our results agree qualitatively with these results. In addi- 
tion, we have demonstrated other effects of phase distor- 
tion including low-frequency drift, ST-segment depression 
and alteration of the QRS complex. We have also quanti- 
fied the differences between filtered and unfiltered electro- 
cardiograms by calculating cross-correlation coefficients. 
Clearly, linear phase response extending to 20.2 Hz i is 
required to avoid these undesirable distortions. 2 
In conclusion, a reexamination of the American Heart 
Association standards for surface electrocardiographic 
monitoring is needed. New standards? for phase response 
(linear to 0.05 Hz) are necessary. However, amplitude 
response <1.0 Hz is not needed, and may even be detri- .- 
mental because baseline drift typically occurs in the range 
of 0.1 to 2.0 Hz. Magnitude and phase responses have __ 
previously been evaluated jointly because it is difficult in 
analog design to measure independent responses. How- 
ever, as we have shown, with digital signal processing 
these 2 types of distortion can and should be considered 
independently to ensure signal fidelity. : 
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Validation of a Bedside Method of Activated Partial Thromboplastin 
Time Measurement with Clinical Range Guidelines 


aa James L. Vacek, MD, Kazuhira Hibiya, MD, Thomas L. Rosamond, MD, Paul H. Kramer, MD, 





and Gary D. Beauchamp, MD 


apid measurement of an anticoagulant effect 
R due to heparin is desirable in a variety of settings. 
Patients with cardiovascular diseases undergo 
heparinization for many reasons including management 
of unstable angina, in conjunction with thrombolytic 
therapy for myocardial infarction, percutaneous translu- 
minal coronary angioplasty, extracorporeal bypass, atrial 
fibrillation with perceived embolic risk, prosthetic heart 
valves and several variants of cerebral vascular dis- 
ease.'~? Standard clinical laboratory measurements of 

~ partial thromboplastin time (PTT) are cumbersome and 
slow, and prone to multiple potential sources of er- 
ror.2-4:!9-!3 To provide a rapid, simple, accurate bedside 
means of PTT measurement, the Hemochron system 
was used to assess a means of automated immediate 
analysis. We assessed the utility of this system in the 
cardiac catheterization laboratory by comparing PTT 
measurements derived from this technique with activated 
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112.50 


clotting times (ACT) in patients undergoing cardiac 
catheterization and angioplasty both before and after the 
procedure. 

The study group consisted of 176 patients under- 
going cardiac catheterization or coronary angio- 
plasty. Baseline (0 heparin) PTT and ACT measure- 
ments were obtained immediately after vascular ac- 
cess of the femoral artery and placement of an 8Fr 
catheter introducer sheath. Blood samples were ob- 
tained after 5-ml backflush of blood. Of the patients 
undergoing cardiac catheterization, 51 received 2,000 
U of heparin intravenously after vascular access was 
achieved at the discretion of the catheterizing physi- 


TABLE | Measured Laboratory Values for Heparin Groups 


Heparin (U) 


0 10,000 


176 65 
67 + 14 480 + 150 
119 + 21 460 + 141 


Values are means + | standard deviation. 
ACT = activated clotting time; PTT = activated partial thromboplastin time. 





156.25 





FIGURE 1. Distribution of activated clotting times in 0 heparin group (follows normal distribution). 
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cian. All the vatients who underwent coronary angio- 
~ plasty received 10,000 U after vascular access. In the 
' patients whe received heparin, repeat ACT and PTT 
measuremeris were obtained at the conclusion of the 
~ procedure tc address the effects of heparin on antico- 

= agulant pare-neters. Cardiac catheterization and an- 
= gioplasty were performed via standard femoral tech- 
nique using *Fr diagnostic and guide configurations 
Ee, and a varie’» of over-the-wire balloon angioplasty 


RAMAT Se 


TL- 


FIGURE 3. Piet of partial thromboplastin time (PTT) versus activated clotting time (ACT) for all values (linear correlation). 
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systems. Dextran was not used in any patient, nor was 
any patient receiving heparin or coumadin before the 
study. Most patients undergoing diagnostic catheter- 
ization and all undergoing angioplasty were receiving 
aspirin, 325 mg/day. 

The heparin administered throughout the duration 
of the study was porcine heparin (LyphoMed, Inc., 
Melrose Park, Illinois). ACTs and activated PTTs 
were measured in the catheterization laboratory, us- 














hei Hemochron. r tem (mera 










pitta: stabilieers and buffers gnd are combined 
ith 1.0 ml of calcium chloride (0.032 M). This meth- 
od utilizes fresh whole blood and has been demon- 
rated to result in PTT measurements that are repro- 
ducible and correlate well with standard clinical labo- 
ratory methods. However, the values obtained with 
this. method are higher than those obtained through 
andard clinical laboratory techniques. Mean PTT in 
a normal population is 70 seconds (standard deviation 
oa 7.3, range 55 to 85, noted in the product literature). 
- `- ACTs were also measured using the Hemochron 800 
Instrument, with FTCAS10 tubes that are celite-acti- 
‘vated (12 mg Johns Manville celite diatomaceous 
<- earth). This method has been shown to be a reliable 
-and reproducible means of measuring activated coag- 
















~ ulation times in a variety of settings. 2579/47 Both - 


-< ACT and PTT results are routinely available within 5 
+ to 10 minutes of blood drawing. 

Statistical analysis included calculations of mean 
+ | standard deviation, Pearson product moment cor- 
relation, best curve fit analysis, and standard calcula- 
tion of sensitivity, specificity, accuracy and predictive 
values. 

Table I lists the number of data points reflecting 
the effects of 0, 2000, or 10,000 U of heparin with 
accompanying descriptive statistics. The ACT and 
PTT values obtained showing 0 heparin effect follow 

normal distributions (Figures 1 and 2). Overall cor- 

relation between PTT and ACT was excellent (r = 
0.902 by linear correlation [PTT = (1.066 X ACT) 
45.936] and r = 0.925 by power function (InPTT = 
_ [1.333 X InACT] — 2.094). Figure 3 plots the relation 
between PTT and ACT by linear analysis. Because as 
the postheparin measurements were obtained over 
variable intervals after drug administration, they pro- 
videa range of data representing a broad spectrum of 
; anticoagulant effect. 
©- Inour laboratory, normal ACT measurements are 
129 + 9 seconds (range of 110 to). Therapeutic ACT 
is believed to be 2200 seconds during standard anti- 
== coagulation2>”9!4-!7 For protection during angio- 
< plasty we prefer an ACT 2300 seconds to achieve 
-> supratherapeutic anticoagulant effect5%!? By se- 
quential testing, a PTT measurement =120 seconds 
x believed to yield T aii sai and — ic- 














HR, eds. Chemistry and Biology of Heparin. North Holland, New York: Elsevier, 


E Maher. JE eds, Re placem t of Renal F ction. a E Norwell, Ma 












o9 93%, a an j accuracy of 93%, a positive pret : 
of 85% and a negative predictive value of 9 

To assess supratherapeutic effect for ad 
anticoagulation during angioplasty, a. PTT = 300 
onds correlated with an ACT 2300 seconds with. 
sitivity of 90%, specificity of 97%, positive predic 
value 89%, negative presage value 97%, and a ace at 
cy 96%, oe 

The Hemochron. system ca PTT measuremen 
pears to fulfill many of the requirements for a Tap 
simple and reproducible technique. However, to 
knowledge, this method has not been validated ina 
number of patients undergoing cardiac catheterizat 
Our study demonstrates the utility of this technique. 
provides guidelines for its use, including the assessm 
of a therapeutic anticoagulant effect of heparin u 
during coronary angioplasty, when ‘ ‘supratherapeu 
levels of anticoagulation are desired. 























































4. Kapsch DN, Kasulke RJ, Silver D. Anticoagulant therapy. Vase Diagn Thera- : 
py 1981;2:19-27, fe 
2. Hattersley PG. Heparin anticoagulation. In: Koepke JA, ed. Laboratory He- a 
matology. New York: Churchill Livingstone, 1984:789-818. Ae 
3. de Takats G. Special communication: Monitoring hemostasis in the periopera- « 
tive period. Vasc Diag Therapy 1983:4:17~19. 
4. Gambino R. Monitoring heparin therapy. Lab Report for Physicians 1982; oe 
4:17-20. ; 
S. Schriever HG, Epstein SE, Mintz MD. Statistical correlation and heparin: se 
sensitivity of activated partial thromboplastin time, whole-blood coagulation time; ee 
and an automated coagulation time. Am J Clin Pathol 1973:60:323-329. a 
6. Kazmier FJ. Monitoring of heparin therapy, In: Lundblad RL, Brown WV; = 
Mann KG, Roberts HR, eds. Chemistry and Biology of Heparin. North Holland. 
New York: Elsevier, 1981:615-624. ae 
7. Hill JD, Dontigny L, de Leval M, Mielke CH Jr. A simple method of heparin 
management during prolonged extracorporeal circulation. Ann Thorac Surge 
1974;17:129-134. 

8. Vacek JL, Bellinger RL, Phelix J. Heparin bolus therapy during cardiac 
catheterization, Am J Cardiol 1988:62:1314-1317. 
9. Jobes DR, Schwartz AJ, Ellison N, Andrews R, Ruffini BS, Ruffini JJ. `. 
Monitoring heparin spneoagulaton and its neutralization. Ann Thorac Surg 
1981:31:161-166. 

40. Shapiro GA, Huntzinger SW, Wilson JE. Variation among commercial 
activated partial thromboplastin time reagents in response to heparin. 4m J Clin 
Path 1977;67:477-480. 

1%. Triplett DA, Harms CS, Koepke JA. The effect of heparin on the activated 
partial thromboplastin: time. Am J Clin Path 1978:70:556-559. 

12. Koepke JA, Triplett DA, Banez G. The partial thromboplastin time for. 
monitoring heparin therapy. In: Lundblad R, Brown WV, Mann KG, Roberts _ 


198 1-625. 
43. Basu D, Gallers A, Hirsh J, Cade J. A prospective study of the value of 

monitoring heparin treatment with the activated partial thromboplastin time. NV — 
Engl J Med 1972;287:324--327, l ae 
14. Esposito RA, Culliford AT, Colvin SB, Thomas SJ, Lackner H, Spencer FC. ` 
Heparin resistance during cardiopulmonary bypass. J Thorac Cardiovasc Surg i 
1983:85:346-353. 
15. Doty DB, Knott HW, Hoyt JL, Koepke JA. Heparin dose for accurate 
anticoagulation in cardiac surgery. J Cardiovase Surg 1979,20:597-604.. 

16. Lindsay RM. Practical use of anticoagulants. In: Druker W, Parsons. 


























7 Te <= SSS Tae ae ne ee ee ee z a ey es Ea eek we ee, 


| 


is 


j 





CASE REPORTS 


Cardiac Transplantation for Giant Coronary 
Artery Aneurysms Complicating Kawasaki 


John M. Tra.aline, MD, Scott M. Hamilton, MD, Richard E. Ringel, MD, 
John C. Laseninger, MD, and Andrew A. Ziskind, MD 


ororary artery aneurysm 

formation is a well-known 

and widely reported compli- 
cation of Kavasaki disease with the 
incidence ranging from 15 to 25%.! 
Most aneurysms are small and, in 
general, are associated with a favor- 
able prognos:. In contrast, giant an- 
eurysms (> mm in diameter) are 
associated wit higher morbidity and 
mortality, despite antiplatelet and 
anticoagulation therapy.” Systemic 
urokinase has been used to treat cor- 
onary artery thrombosis of these an- 
eurysms, bur with limited success.’ 
Coronary artery bypass graft sur- 
gery currently appears to be the most 
effective the-apy for ongoing isch- 
emia, but serious limitations exist.4 
Although cardiac transplantation 
now is used w dely to treat a number 
of lethal cardiac diseases affecting 
children, this therapeutic approach 
has not been ported in the manage- 
ment of coromary involvement in Ka- 
wasaki disease. 

On the elwenth day of an acute 
febrile illness, a 14-year-old boy 
was diagnosed to have Kawasaki 
disease comzlicated by giant coro- 
nary artery aneurysms. Initial in- 
patient mcenagement included 
high-dose mtravenous gamma 
globulin and heparin, with subse- 
quent conve-sion to warfarin, low- 
dose aspirin and dipyridamole for 
outpatient management. Ten 
weeks after diagnosis, the patient 
presented wäh an acute myocardi- 
al infarction An echocardiogram 
(Figure 1) revealed extensive 
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thrombus in the left anterior de- 
scending and right coronary arter- 
les. 

Intravenous heparin was begun 
and the patient underwent cardiac 
catheterization which revealed to- 
tal occlusion of the aneurysmal 
proximal right coronary artery, 
large thrombus within the giant fu- 
siform aneurysm of the left anteri- 
or descending coronary artery, ex- 
tensive aneurysm formation of the 
circumflex artery (Figure 2, left) 
and extensive distal coronary ste- 
nosis. Tissue plasminogen activa- 
tor was administered, intravenous 
heparin was continued and aspirin 
was begun. 

Coronary angiography 24 
hours later showed patency of the 
right coronary artery with exten- 
sive residual (Figure 2, right) and 
persistent thrombi in the left ante- 
rior descending artery. A second 
course of thrombolytic therapy us- 
ing urokinase was initiated, and 
coronary angiography after 48 
hours revealed little change. Uro- 
kinase was discontinued, warfarin 





FIGURE 2. Loft; arleiloarun chewing derai left aidstiet distending ond Crean 
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was begun, and the patient subse- 
quently underwent heart trans- 


plantation. 


Gross pathologic examination 
of the native heart revealed exten- 


sively dilated coronary arteries 


with thickened walls (Figure 3). 
The left main coronary artery was 
aneurysmal with organized throm- 
bus present. The left anterior de- 
scending and circumflex arteries 
were proximally dilated with 65 
and 85% distal stenoses, respec- 
tively. The right coronary artery 
had thrombus within a proximal 
aneurysm and 60 to 90% progres- 
sive distal stenosis. Smaller epi- 
cardial arteries were severely ste- 
notic. 





FIGURE 1. Echocardiogram with ar- 
rows showing left anterior descending 
artery thrombus. 
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fiex arteries. Right, arteriogram showing abnormal right coronary artery. 
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In a study of 42 patients with Ka- 
wasaki disease and abnormal coro- 
nary arteries, all aneurysms >9 mm 
in diameter were complicated by 
subsequent total occlusion.! This ob- 
servation reflects a distinction which 
is made between typical and giant 
aneurysms. Typical aneurysms are 
<8 mm in diameter and generally 
reflect a less malignant course since 
they are more likely to regress over 
time, posing less risk of thrombosis. 
However, giant coronary artery an- 
eurysms frequently become ob- 
structed or stenotic and develop 
thrombosis.” 

Early administration of intrave- 
nous gamma globulin reduces the 
prevalence of coronary aneurysms.° 
Coronary artery bypass grafting for 
proximal stenoses is also an option, 
but the limited survival of grafts re- 
mains a problem.*® Given the extent 
of aneurysmal disease, the severity of 
distal stenosis, and the continuing 
risk of thrombosis and embolization, 
bypass grafting was not recommend- 
ed for our patient. 

Whereas most children with Ka- 
wasaki disease and giant coronary 
artery aneurysms can be managed 
with conservative medical therapy, 
some patients will develop severe 
thromboocclusive coronary artery 
disease. Bypass grafting for proxi- 





FIGURE 3. Abnormal 


arteries. CX = circumflex; CXCA = circumflex coro- 


coronary 
nary artery; DIAG 1 = first diagonal; DIAG 2 = second diagonal; LAD = left anterior 
descending; LCA = left coronary artery; OBM = obtuse marginal; PD = posterior de- 
scending; RCA = right coronary artery; RM = right marginal. 


mally located obstructions should be 
considered first, but if the aneurysms 
extend distally, severe distal stenosis 
is present, or substantial proximal 
thrombus exists, or a combination of 
all 3, then serious consideration 
should be given to cardiac transplan- 
tation. 
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Transesophageal Echocardiographic 
Findings of Papillary Muscle Rupture 


Kichiro Sakai, MD, Kenji Nakamura, MD, and Saichi Hosoda, MD 


upture of a papillary muscle 
R: a rare complication of 
myocardial infarction or 
trauma.! Echocardiographic infor- 
mation is very useful in the diagnosis 
of ruptured papillary muscle, and for 
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evaluation of left ventricular func- 
tion and the degree of mitral regurgi- 
tation. A ruptured papillary muscle 
is not always visualized clearly by 
transthoracic echocardiography, but 
may be demonstrated more accu- 
rately by transesophageal echocardi- 
ography. We studied 2 patients with 
ruptured papillary muscle, 1 caused 
by traffic trauma and the other by 
acute myocardial infarction. The 
transesophageal echocardiographic 


findings of these patients are de- 
scribed. 

Patient 1: A 17-year-old high 
school boy was referred to our hos- 
pital because of severe pulmonary 
congestion on July 19, 1990. He 
was riding a motorcycle and col- 
lided with another motorcycle on 
July 11, 1990. He was admitted to 
another hospital. A chest x-ray 
showed left rib fractures and left 
hemothorax. On his second day in 
the hospital, he became critically 
ill with acute pulmonary edema 
and was transferred to our hospital 
under mechanical ventilation. On 
admission, his blood pressure was 
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80/40 mm Fg and his pulse rate 
was 120 bezts/min with regular 
rhythm. There was a grade 4/6 ho- 
losystolic marmur at the apex. 
Chest x-ray #evealed marked pul- 
monary congestion, and an electro- 
cardiogram showed sinus tachy- 
cardia withaet ST-T-wave abnor- 
mality. Pwsmonary capillary 
wedge press «we, obtained at bed- 
side with a Swan-Ganz catheter, 
was 20 mm iag (mean) and 58 mm 
Hg (v wave} Transthoracic echo- 
cardiograph» could not show a 





diastole (top) and in the left ventricular 
outflow at the ate phase of diastole 
(bottom). This !rge mass is moving re- 
dundanttly in the left atrium (LA) during 
systole and the left ventricle during 
diastole. LV = eft ventricle; MV = mi- 
tral valve; RV = right ventricle. 
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FIGURE 2. Surgical specimen illus- 
trates the commietely ruptured trunk of 
the papillary reescle. 





clear cardiac image because of left 
hemothorax and pneumothorax. 
Transesophageal echocardiogra- 
phy showed a large mass, 2.0 cm, 
attached to the anterolateral side 
of the mitral valve that moved 
quickly back and forth in the left 
atrium during systole and in the 
left ventricle during diastole ( Fig- 
ure l). Color flow mapping showed 
severe mitral regurgitation. An 
emergent mitral valve replacement 
under the diagnosis of mitral re- 
gurgitation due to ruptured papil- 
lary muscle was performed. Total 
rupture of the anterolateral papil- 
lary muscle was confirmed by the 
operative findings (Figure 2). The 
postoperative course was unevent- 
ful, with mild dysfunction of the 
liver. 

Patient 2; A 78-year-old man 
was admitted to our coronary care 
unit with acute inferior myocardial 





FIGURE 3. Transesophageal echocar- 
diogram shows a ruptured papillary 
muscle (RPM) (arrow) attached to the 
posterior leaflet of the mitral valve in 
the left atrium (LA) during systole. 
Ao = aorta; LV = left ventricle. 
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infarction on October 15, 1990. On 
physical examination, his blood 
pressure was 100/70 mm Hg and 
his heart rate was 58 beats/min. 
There was no heart murmur or 
rales. An electrocardiogram 
showed sinus rhythm with ST-seg- 
ment elevation in leads I1, IH and 
aVf and ST-segment depression in 
leads V> to Vs. A coronary angio- 
gram demonstrated total obstruc- 
tion of the left circumflex artery, 
and a left ventriculogram showed 
mild hypokinesia at the inferior 
wall and no mitral regurgitation. 
On his eighth day in the hospital, 
the patient complained of dyspnea, 
and a new grade 3/6 holosystolic 
murmur was audible at the apex 
and was also transmitted to the left 
axilla. Transthoracic echocardiog- 
raphy revealed a prolapse of the 
posterior leaflet of the mitral valve 
and a small mass attached to the 
posteromedial side of the mitral 
valve. Color flow mapping showed 
moderate mitral regurgitation. 
Transesophageal echocardiogra- 
phy clearly showed the ruptured 
papillary muscle prolapsing into 
the left atrium during systole ( Fig- 
ure 3). A chest x-ray demonstrated 
pulmonary congestion and the pul- 
monary capillary wedge pressure 
by Swan-Ganz catheter was 20 mm 
Hg. Mitral valve replacement was 
performed 15 days after the rup- 
ture of the papillary muscle to pre- 
vent sudden deterioration of hemo- 
dynamics. Rupture of the posterior 
papillary muscle was confirmed by 
the operative findings (Figure 4). 
The postoperative course of the 
patient was uneventful. 

In our first patient, acute left 
heart failure developed soon after 
admission. Rupture of a papillary 
muscle was accurately diagnosed by 
transesophageal echocardiography. 
To our knowledge, this is the first 
report of traumatic rupture of papil- 
lary muscle demonstrated by transe- 
sophageal echocardiography. 

Ruptured papillary muscle due to 
myocardial infarction is also a rare 
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igs thichuresi in ithe o left aana with: 
out any interference from the lungs 


clearer information about a rupture 


papillary muscle than transthoracic 
echocardiography did. 
Thus, the clear image of a rup- 


` tured papillary muscle by transe- 
- sophageal echocardiography- sug- 


gests that this technique will playan 
ao role. in making accurate- 
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The recen: article by Tofler and 
ofler! on the use of auscultation to 
follow patierts with mitral valve 
rolapse (M’/P) is extremely im- 
portant, particularly with respect to 
the compliczion of infective endo- 
carditis. The question about the use 
of antibiot.c prophylaxis often 
-arises when ¿patient with MVP has 
only a miderstolic click or clicks 
cand no mids~stolic or late-systolic 
~omurmur.*? In the longitudinal 
-= study reported by Tofler and Tofler 
during the fllow-up period of 8 
years (range 1 to 30), not a single 

instance of nfective endocarditis 
= was encountered. This is a striking 

finding in ew of the fact that 

MVP is nowadays the most com- 
mon underl» ng cardiac lesion for 
infective enSocarditis.4 Antibiotic 
prophylaxis was recommended by 
-Tofler and Fofler in all their pa- 
tients with = midsystolic click or 
clicks, whetker or not there was also 
a systolic mirmur. 

One has te be certain that a pa- 
tient with MVP has no murmur. 
Because the systolic murmur of mi- 
tral regurgitetion in MVP may not 
be constant.” present, meticulous 
auscultation must be performed at 
each office asit before concluding 
that there is ao murmur.>° Repeat- 
ed auscultation in various body po- 
sitions and -àe use of various ma- 
neuvers, especially Valsalva,°-’ are 
needed. 

As Tofler and Tofler pointed out, 
there is no substitute for careful 
auscultation. Although the “ready 
acceptance e` the echocardiograph- 
ic finding of mitral valve] prolapse 
as a clinica. diagnosis reflects the 
homage we pay to technology,” ! 
the day-to-czy management of the 















a Tener: (from the United States) con- 
cerning a particular article in the Journal 
i oe receivad within oe should Belin the 





-patient with MVP still ‘depends on 
the intelligent use of a stethoscope. 


Tsung O. y MD 
Washington, D.C. 
18 December 1990 


1. Tofler OB, Tofler GH. Use of ausculta- 
tion to follow patients with mitral systolic 
clicks and murmur. Am J Cardiol 1990, 
66:1355-1358. 

2. Barlow JB, Cheng TO. Mitral valve 
billowing and prolapse. In: Cheng TO, ed. 
The International Textbook of Cardiolo- 
gy. Elmsford, New York: Pergamon 
Press, 1987:497-524. 

3. Cheng TO. Mitral valve prolapse. An 
overview. J Cardiol 1989;19(suppl 21):3- 
20. 

4. Cheng TO. Mitral valve prolapse. 
Annu Rev Med 1989;40:201-211. 

§. Cheng TO, Barlow JB. Mitral leaflet 
billowing and prolapse. Its prevalence 
around the world. Angiology 1989;40:77- 
87. 

6. Cheng TO. Mitral valve prolapse. 
When is it serious? Postgrad Med 1990, 
88(7):93-100. 

7. Cheng TO. Mitral valve prolapse. Dis 
Mon 1987;33:481-534. 


Angiographic Progression to 
Total Coronary Occlusion in 
Hyperlipidemic Patients After 
Acute Myocardial Infarction 


We read with interest the excel- 
lent study by Bissett et al! concern- 
ing the progression to total coro- 
nary artery occlusion. This prospec- 
tive serial angiographic study 
showed that the extent of the initial 
coronary artery narrowing was sig- 
nificantly associated with the risk 
of progression to total occlusion in 
hyperlipidemic patients who had 
previously had an acute myocardial 
infarction. The results of this study 
appear to be different from those 
that we? and Ambrose et al’ recent- 
ly reported. Both these studies 
found that the coronary occlusions 
responsible for acute myocardial in- 
farction frequently occurred in cor- 
onary arteries that did not previous- 
ly have severely stenotic lesions. 
Thus, the severity of the preexisting 
coronary disease predicted neither 
the time nor the location of the oc- 


with acute myocardial inf: 
produce a stenosis <60% i 
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ter in most patients. How can tl 
different conclusions of these st 
ies be reconciled with the recent re- 
port of Bissett et al? There are 2 
potential explanations. 

First, Bissett studied angiograph- ~~ 
ic progression to total occlusion, not- 
occlusion- producing myocardial 
infarction. In fact, coronary occlu- =- 
sion produced a myocardial infarc- 
tion in only 7 of 30 of their patients 
with occlusions at 3 years, and in 25 
of 39 patients at 5 years. It is possi- 
ble that the progression of severely 
stenotic lesions to total occlusion 
did not produce myocardial infarc- 
tion because of the preexisting stim- — 4 
ulus for collateral development. It 
would be very helpful to know the = 
severity of the preexisting stenosis - 
in the subset of patients in whom 
total occlusion produced myocardi- 
al infarction. Second, the patients 
in the study reported by Bissett et 
al! had previously had myocardial 
infarctions. It is possible that many 
of the very high-grade stenoses pre- 
sent on the first angiogram were ac- 
tually the culprit lesions that had 
previously caused a myocardial in- 
farction. These lesions may behave 
very differently from lesions that 
have not previously produced a. 
myocardial infarction. In this re- = 
gard, it would be very helpful to = 
know how many of the high-grade - 
lesions were the culprit lesions re- 
sponsible for the myocardial infarc- “m 
tion occurring before entry into the- 
study. 












William C. Little, mo 
Robert J. Applegate, mv 
Winston-Salem, North Carolina 

6 December 1990 
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REPLY: Studies by Little,! Am- 
brose? and their co-workers have es- 
tablished that myocardial infarc- 
tion frequently results from pro- 
gression of coronary lesions <60%. 
Conversely, data from the Coro- 
nary Artery Surgery Study have 
suggested a spectrum of risk, with 
the highest probability of myocar- 
dial infarction occurring in lesions 
>90% and a 3-year infarction rate 
of only 2% for lesions of the left 
anterior descending coronary ar- 
tery with <50% luminal narrow- 
ing.’ Based on these data it appears 
likely that a patient with several le- 
sions of variable severity would be 
subject to cumulative risk with vari- 
ation in the natural history of dis- 
ease, lesion morphology,‘ and other 
factors influencing the eventual 
outcome. The frequency distribu- 
tion of lesions resulting in complete 
obstruction would then depend on 
the method of study, whether 
grouped by individual patients with 
a spectrum of lesions (for example, 
four 25 to 50% lesions and one 70 to 
90% lesion), or stratified for lesion 
severity across patient populations, 
as in our report. Detection of a dif- 
ference in the event rate (i.e., pro- 
gression to total occlusion) from 5 
to 15% with 90% certainty and a 
significance level of 0.05 would re- 
quire a minimal sample of approxi- 
mately 185 lesions for each type of 
risk. 

The use of prospective serial angi- 
ography identified a number of pa- 
tients with progression to complete 
occlusion without clinical evidence 
of infarction, information that 
would not have been included in 
event-guided angiographic studies. 
The number of patients reported 
without clinical evidence of myo- 
cardial infarction associated with 
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progression to total occlusion by 5 
years should read 24 of 39 patients 
(62%). The proportion of patients 
progressing to total occlusion with- 
out clinical evidence of infarction 
was statistically similar at 3 and 5 
years (p = 0.39). Collateral circula- 
tion was noted in 83% of patients at 
3 years and in 92% at 5 years. 
Inspection of Table IV of our pa- 
per reveals a general correspon- 
dence between the degree of steno- 
sis and the incidence of subsequent 
progression to total occlusion in this 
postinfarction population. Al- 
though lesions with minimal steno- 
sis infrequently progressed to com- 
plete occlusion, the cumulative risk 
could present a significant hazard 


in patients with multivessel disease. 
Joe K. Bissett, mo 

Richard P. Wyeth, ma 

Little Rock, Arkansas 

15 January 1991 
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Use of Isometric Exercise 
Testing Can Replace Isotonic 
Testing to Detect and 
Evaluate Hypertensive 
Populations 


We read with interest the article 
by Wilson et al! indicating an exag- 
gerated pressure response to exer- 


cise testing in men at risk of system- 
ic hypertension. Exercise testing 
provides a means of detecting indi- 
vidual risk that may not be detected 
by blood pressure measured rou- 
tinely at rest. Although it has 
been well established that dynamic 
(isotonic) exercise testing distin- 
guishes among normotensive per- 
sons, those with borderline hyper- 
tension and those at high risk of de- 
veloping systemic hypertension, it is 
limited by the time needed to per- 
form it, expensive equipment, the 
need for highly trained personnel, 
and its inconvenience for large- 
scale screening. 

We previously observed a good 
correlation between the isotonic dy- 
namic stress test and the hand-grip 
static (isometric) test (Figure 1) 
(sensitivity, 98%, specificity, 78%, 
predictive value of an abnormal 
test, 90%) in a study that compared 
diastolic blood pressure after iso- 
tonic testing (treadmill exercise 
stress test) with static (isometric 
hand-grip) testing using a modified 
protocol developed in our unit.* We 
observed that 90 seconds of grip- 
ping at 30% of maximal voluntary 
isometric contraction elevated 
blood pressure levels only in latent, 
borderline and hypertensive sub- 
jects, whereas normotensive sub- 
jects responded normally.4 We and 
others® used hand-gripping as a 
simple and accessible method for 
monitoring antihypertensive thera- 
Py. 

We suggest that hand-gripping 
could be introduced to replace more 
expensive and cumbersome dynam- 
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C] Rest before sotone test 
Effort after isotonic test 
Rest before isometric test 
GHB Et fort after isometric test 
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rte sior during effort, as sug- 
ed by W Ison et al.! 
j Angel Cantor 
Noah Liel 
Beer Sheva, Israel 
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Lipid Profiles After Cardiac 
Transplantation 


In their azicle, Rudas et al! re- 
ported to hae estimated low-densi- 
ty lipoproten (LDL) cholesterol 
with the Fredewald formula,’ in 
-which the very low-density lipopro- 
~ tein cholesterol is approximated as 
> serum triglyerides divided by 5. 
Unfortunate y, this equation can be 
applied witout correction only if 
‘the results eve expressed in mg/dl. 
When Système International (S.I.) 
“units are used, the equation must be 
adapted beeause the conversion 
factors for triglycerides and for 








ol ore different... With SI uses. both: rest es 


cholesterol would: be A AE A 


with the original formula when S.I. 
units are used. Fortunately, the au- 
thors seem to have used the correct- 
ed formula, as can be deduced from 
the results provided. 

This mistake is common in the lit- 
erature in North America,’® re- 
flecting the lack of familiarity with 
S.I. units, since conventional units 
are still widely used. Authors and 
reviewers of articles should try not 
to add to the existing confusion. A 
simple test to check if an equation 
can be used with both types of units 
is to first make the calculation with 
conventional units and then convert 
all results in S.I. units before redo- 
ing the calculation. If the final re- 
sults differ, the equation needs to be 
adapted before using it with S.I. 
units. 

Jacques Massé, mo 
Quebec City, Canada 
26 November 1990 
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Radionuclide Exercise 
Response in Young 
Asymptomatic Chronic 
Alcoholics 


The article by Cerquiera et al! 


X y . % 5 
vealed sonia! resting echocardio 


graphic measurements ai 
resting and exercise. radionuclide 
response for the alcoholics as- 
group (only 3 alcoholics failed t 
show a normal increase in ejection 
fraction), leading the authors to 
conclude that preclinical cardia 
dysfunction is rare in this patient 
group.! Unmentioned, howeve: 
was a previous publication by our 
group, which studied a similar pa- 
tient population by essentially the 
















Same techniques. 2 New fin di ings by Rae : 


Cerquiera et al! include the assess- 
ment of diastolic function by radio-. 
nuclide testing, as well as unaltered 
red blood cell levels of selenium and 
thiamine among alcoholics. In ad- 
dition to showing normal resting ` 
and exercise ejection fractions early 
and later after study patients dis- 
continued alcohol, our data showed 
a decreased heart rate~blood pres- 
sure product (compared with that 
found early after withdrawal from | 
alcohol) at each work load during 
follow-up exercise (2 to 4 weeks lat- 
er) consistent with an increased 
myocardial oxygen demand very 
early after ending alcohol abuse.’ 
Our data showed that 1 of 12 hada 
minimally acceptable increase in 
ejection fraction with exercise (in- - 
crease by only 5 units). Thus, the- 
study of Cerquiera et al! and our | 
study? both give similar, as well as __ 
complementary, results. oe 
Martinez, California 
25 February 1991 ~ 
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clusion causes. sibe myocardial elec- 
k stability that results in the 
nias of sudden cardiac 
SCD). If only we could re- 
id levels by diet or drugs, 
hat chain would be broken. 
we're all dietary weaklings, 
lowering agents eventually 
rove to be the best antiar- 
hmic agents.” 
gree that a more temperate in- 
take of fat by our population would 
-= probably reduce the incidence of 
SCD in exactly the manner you 
suggest, but “best” is a mighty big 
word. 
».. I suggest to you that a better in- 
} _tervention would be something that 
" separates atherogenesis from ele- 
vated lipids, something that pre- 
vents the formation of atheroscle- 
rotic plaques regardless of diet and 
regardless of lipid levels. I would 
further suggest that if that some- 
thing could also be shown to direct- 
ly stabilize the electrical flux in the 
myocardium, that would be “the 
_ best antiarrhythmic agent.” And, if 
-> that something had a very low side- 
effect profile (as opposed to lipid- 
lowering agents), that would be a 
-<> cherry on top. 

There are several somethings like 
that on the shelf right now. They 
include all of the calcium channel 
blockers,” the angiotensin-convert- 

ing enzyme inhibitors,> the mineral 
- magnesium,‘ and dietary omega-3 
- fatty acids. It appears that just 

-about anything that reduces the ve- 

locity/volume of calcium flowing 
_ into the myocardial cell is “the best 

antiarrhythmic agent.” They all 
- separate atherogenesis from elevat- 
-ed lipids. 
Take a look at your argument 
- once more. Elevated lipids are defi- 
-- -nitely atherogenic, but how? What, 
exactly, does cholesterol do? 
Among other things, cholesterol® 
and low-density lipoprotein’ direct- 
ly raise the level of intracellular cal- 
cium (Ca;) in vascular smooth mus- 
cle cells. Interventions that prevent 
that rise in Ca; separate elevated 
pids from atherogenesis.?-+ . 
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by reperfusion)® in the cells of the 
heart. That lowers the threshold of 
the action potential in those cells 
and makes the heart vulnerable to 
aberrant beats, reentrance and cir- 
cus movement. Interventions that 
specifically prevent that rise in Ca; 
separate ischemia from arrhythmo- 
genesis.” 

_ Breaking this physiologic chain at 
the level of dietary fat is possible 
but not, as we all know, very easy to 
implement. Lipid-lowering drugs 
may, in the long run, produce the 
desired effect, but it is via an indi- 
rect route with many side effects. It 
is the elevation in Ca; that appears 
to be the key. And, as such, a direct 
attack on that would be the simplest 
and “best” approach to reducing 
SCD. 

Abnormally elevated levels of Ca; 
are found in patients with heart 
failure,'° ischemic heart disease,!! 
hypertension,!? diabetes,'? and in 
the obese'4—the very people most 
at risk of SCD. Our “best bet” for 
reducing SCD, better than lipid 
control, may well be the prevention 
of treatment of this abnormal Ca; 
elevation, which seems to be direct- 
ly responsible for a significant part 
of the pathogenesis of SCD. 

James A. Landauer 
Denver, Colorado 
17 December 1990 
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Mitral Regurgitation 
improves When Aortic Valve 
Area Increases seEnefeonity: 











We read with interest the report 
by Adams and Otto! that noted a. 
lack of. improvement in coexisting 
mitral regurgitation (MR) after 
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í without aatra acral or 
air unless moderate to severe 
R was present. 
investizators state that “it is 
that the lack of improvement 
AR was aot related to incom- 
te relief ef aortic stenosis be- 
e there was no difference be- 
een the st sgroups with valve re- 
lacement e valvuloplasty.” We 
vould disagree. In reviewing the 
‘data from Tzble I in the report, we 
ted severe! patients with little or 
10 improvement in their aortic 
i valve area after valve replacement 
or valvuloplasty. To assess whether 
_ MR decreased in patients with a 
- significant ~2duction in afterload 
assessed by an improvement in aor- 
tic valve arza, we reanalyzed the 
data. 
Criteria cf success after aortic 
_. valve replacement or valvuloplasty 
are variable The valvuloplasty reg- 
istry has used aortic valve area im- 
provement cf 225% anda post-pro- 
- cedure aortic valve area 20.8 cm? 
as criteria o” success.’ If groups are 
divided basex on these criteria, then 
64% of patiznts considered unsuc- 
cessful had MR that did not im- 
prove and 32% of successful pa- 
tients had MR that decreased 
(p <0.01). If more rigid criteria for 
success ar= used (aortic valve 
area 20.08 em? and 50% increase 
<> iin aortic valve area), then the re- 
sults are more striking. MR did not 
improve in &% of unsuccessful aor- 
tic procedures and MR improved in 
73% of those in whom it was suc- 
cessful. 
We there’ore might conclude 
from these =ata that patients with 
gnificant improvement in aortic 
ye area ead a significant reduc- 















This reanalysis is important be- 
cause, in the data reported, many 
patients did not have a significant 
improvement in their aortic valve 
area. Based on the report’s conclu- 
sion, practicing physicians may al- 
ter their traditional strategy of aor- 
tic valve replacement alone for pa- 
tients with aortic stenosis and MR. 
This would be a mistake. Based on 
previous reports and on reanalysis 
of the data of Adams and Otto, 
there is convincing evidence that 
MR is improved when there is sig- 
nificant relief of valvular aortic ste- 
nosis. 

Seth D. Bilazarian, mo 
Ravin Davidoff, mo 


Boston, Masschusetts 
22 March 1991 
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REPLY: Bilazarian and Davidoff 
raise the question of whether the 
severity of coexisting MR improves 
in patients meeting strict criteria 
for successful relief of aortic steno- 


(92%) of ‘the velve. repla 


a have £ an n improvement in | 
group meet one of these 


| severity, whereas patients 
without such improvement will not. 
















ria—the exceptions were a pat 
with a small Duromedics valve and 
a patient with only moderate steno 
sis before valve replacement—ye 
we found no significant change i 
regurgitant severity in this group 

Using the criteria of success indi 
cated in the letter from Bilazaria: 
and Davidoff, and using our dat 
(Table I), we are unable to repro-. 
duce their reported percentages of = 
success. We find that only 40% (12. 
of 30 patients) improved using defi- 
nition 1 and 52% (11 of 21) im- 
proved using definition 2. In addi- 
tion, the method used to derive p 
values is unclear in their letter. The 
appropriate statistic is the nonpara- 
metric sign test, which includes pa- __ 
tients who had apparent worsening _ 
of mitral regurgitant severity after _ 
the procedure, as well as those with — 
apparent improvement. Finally, it 
should be noted that in patientswho 
did show improvement after suc- 
cessful relief of aortic stenosis, the 
degree of improvement was clini- 
cally insignificant (1.e., from 1+ to 
0) in the vast majority. 

Our data certainly are not defini- 
tive and a larger, prospective study ~ 
(including more patients with mod- | 
erate and severe mitral regurgita- 
tion) on the influence of relief of 
aortic stenosis on coexisting mitral _ 
regurgitation is needed. However, 
our data do suggest that a clinically 
significant decrease in mitral regur- 
gitant severity is not always seen _ 
after relief of aortic stenosis, so that 
the decision whether to perform _ 
concurrent mitral valve surgery 
must be carefully considered in 
each individual patient. 
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Low HDL with elevated 
LDL and triglycerides: 


A common denominator of 


many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are common 
among heart attack victims, and nearly two thirds of people who developed 
myocardial infarction in the PROCAM Trial had a low (< 35 mg/dL) baseline 
‘evel of HDL cholesterol, LOPID’ (gemfibrozil) is not indicated for the treatment 
“f patients with low HDL cholesterol as their only lipid abnormality. 
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Comparison of Chest Pain, Electrocardiographic Changos and 
Thallium-201 Scintigraphy During Varying Exercise intensities 
in Men with Stable Angina Pectoris _ 

Gary V. Heller, Imtiaz Ahmed, Peter L. Tilkemeier, Marilyn M. Barbour, 
and Carol Ewing Garber 


The present study was performed to test the concept of the ischemic 
cascade by evaluating the presence of anginal symptoms, electrocardio- 
graphic changes and reversible thallium-201 defects resulting from 2 
different levels of exercise (symptom-limited and submaximal) in 19 pa- 
tients with exercise-induced ischemia. Incremental exercise resulted in 
anginal symptoms in 84% of patients, and electrocardiographic changes 
and reversible thallium-201 defects in all patients. In contrast, submaxi- 
mal exercise produced anginal symptoms in only 26% (p <0.01), electro- 
cardiographic changes in only 47% (p <0.05), but resulted in thallium- 
201 defects in 89% of the patients (p = not significant). These findings 
confirm the sequence of the ischemic cascade using 2 levels of exercise and 
demonstrate that the cascade theory is applicable during varying ischemic 
intensities in the same patient. 


$75 | 
Usefulness of Technetium-99m-MIBI and Thallium-201 in 
Tomographic Imaging Combined with High-Dose Dipyridamole 
and Handgrip Exercise for Detecting Coronary Artery Disease 
Raimo Kettunen, Heikki V. Huikuri, Juhani Heikkilä, and Juha T. Takkunen 





Forty-two patients with stable angina pectoris referred for quantitative 
coronary angiography were examined by Tc-99m-hexakis-2-methoxy-2- 
methylpropyl-isonitrile (MIBI) tomography combined with high-dose di- 
_ pyridamole infusion (0.7 mg/kg) and handgrip exercise. Twenty-seven of 
33 (82%) stenotic lesions of the left anterior descending artery, 17 of 28 

(61%) from the left circumflex artery, and 28 of 31 (90%) from the right 
-coronary artery were correctly identified. In a subset of 21 patients also 











| referred for thallium-201 scintigraphy, the overall diseased vessel. identifi- _ es eo 


cation. rate was 76%, compared with 83% obtained with Tc-99m-MIBI A : 
T (p= = not significant). The rate of noncardiac adverse effects. related to 
_ igh-dose dipyridamole remained rather low 5%). me: 
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A lot can go wrong with the human cardiovascular 
system. 

That’s why you need the Aloka SSD-870 
Cardiovascular Sector Scanner. 


SSD-870 

è Electronic phased array 1 
sector scanner 

è Outstanding image quality 





; i with full-range, real-time 2 
Used in conjunction with Aloka’s advanced ae ana carne ir 
‘ . . ° > ue continuous dynamic 
transesophageal probes, it raises diagnostic re eS ETEN TA 3 
capability to a futuristic level while also greatly ® Max. 60 fps color image 
reducing the need for risky catheterization. A n A E EE AEN probes 
` . ° A Si e ode may Oe User ediatrics 
A 64-frame memory permits, among other things, fos Bmoda Nanoda. 2. Single plane (Nexible 
simultaneous, side-by-side comparison of the PW/CW Doppler and color in four directions) 
imaging 3. Bi-plane 


heart’s long and short axes—in real time, slow 
motion and frame-by-frame. 
Color Doppler, of course, provides an immediate 


visual understanding of blood flow. 
And Aloka’s unique color coding 
system enhances abnormal flows F | SCIENCE AND HUMANITY 
so they are easier to pinpoint. , 
Aloka is a leader in the development of A a 
transesophageal probes, including those which permit | iff 


scanning of the aortic arch and monitoring of patients 








during surgery. ALOKA CO., LTD 
nl i x € á . 6-22-1 M , Mitake-shi, Tokyo 181, 
For more information about the Aloka Cardiovascular Sector š : GRN yo 181, Japan 
Scanner, please contact your Aloka distributor or Aloka’s head office at Feceimiie:(0422) 45-4058 


the address at right. Telex:02822-344 









-o Efficacy of Slo Ni edipline on on ‘Myocardial Ischemic 
= Episodes i in 1 Variant Angina Pectoris 
Yasuhiro Morikami and Hirofumi Yasue 











To evaluate the efficacy of slow-release nifedipine on ischemic episodes in 
patients with variant angina, a single-blind crossover study with ambula- 
tory electrocardiographic monitoring was performed in 15 patients. In all 
there were 646 ischemic episodes during the study period, and 618 of them 
occurred during placebo periods. Sixty-nine percent of the episodes in 
placebo periods were asymptomatic. The number of anginal attacks, nitro- 
glycerin tablets taken, ST-segment elevation and total ischemic duration 
significantly decreased during nifedipine periods compared with the num- 
ber during the placebo period, respectively (p <0.01 or 0.05). Twenty- 
eight ischemic episodes occurred during the nifedipine periods, and they 
occurred when the plasma level of nifedipine was low. The administration ae 
of slow-release nifedipine is highly effective in suppressing not only symp- 3 oe 
tomatic but also asymptomatic myocardial ischemia in patients with vari- TE 
ant angina. The timing of the administration of slow-release nifedipine is 

one of the important factors in suppressing ischemic episodes. 
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Comparison of Intravenous Urokinase Plus Heparin Versus 
Heparin Alone in Acute Myocardial Infarction 

Paolo Rossi and Leonardo Bolognese 





In a randomized trial of the effects of intravenous urokinase plus heparin 
versus heparin alone, 2,531 patients with acute myocardial infarction were 
randomized to receive either intravenous urokinase (1. million U bolus 
repeated after 60 minutes) plus heparin (10,000 U bolus, followed by 
1,000 U/hour for 48 hours) or heparin alone (infused at the same rate). 
Complete data were obtained in 2,201 patients. At 16 days, overall hospi- 
tal mortality was 7.9% in the urokinase and 8.3% in the heparin group 
(p = not significant). Among patients with anterior infarction, mortality 
was 10.3% in the urokinase and 13.9% in the heparin group (p = 0.09; 
relative risk = 0.71). The incidence of major bleeding (urokinase group 
0.44%, heparin group 0.37%), as well as the overall incidence of stroke 
(urokinase group 0.35%, heparin group 0.20%) was similar in the 2 
groups. In conclusion, both drug regimens achieve comparable mortality 
rates with a similar incidence of bleeding complications. The combination 
of urokinase and heparin produces a 25% reduction in risk in patients with 
anterior infarction. 
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Prediction of Major Cardiac Events After Peripheral Vascular 
Surgery Using Dipyridamole Echocardiography 

Marc D. Tischler, Thomas H. Lee, Alan T. Hirsch, Christopher P. Lord, 
Lee Goldman, Mark A. Creager, and Richard T. Lee 
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Twice-a-day dosing* to make 
life easier for your arrhythmia 
patients. That’s the Quinidex® 
advantage. Because, like the heart, 
Quinidex Extentabs® have been 
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dependable around-the-clock 
performance. 


*Some patients may require t.i.d. dosing. 
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oo Of the 100 p: aving nega iC atient had ; 
<- event. Thus, the positive and negative predictive values were 78 and 99%, E 
respectively. The relative risk of having a major cardiac event after elective 
vascular surgery was 78 (95% confidence interval, 11 to 564; p <0.0001) 
in patients with abnormal dipyridamole echocardiograms. If these results 
-are extended and confirmed by other investigators, dipyridamole echocar- 
diography may be a useful test for assessing cardiac risk in patients 


undergoing peripheral: vascular surgery. 






598 
Impairment of Left Ventricular Function During Coronary 
Angioplastic Occlusion Evaluated with a Nonimaging 
Scintillation Probe | 
Andreas Hartmann, Frank-Dieter Maul, Michael Zimny, Harald Klepzig, 
Christian Vallbracht, Hans-Georg Kneissl, Rainer Schrader, Gustav Hor, 
and Martin Kaltenbach 











Left ventricular function was evaluated with a newly developed miniatur- 
ized cesium iodide scintillation detector before, during and after coronary 
occlusion during coronary angioplasty in 18 patients (age 59 + 10 years) 
with coronary artery stenosis >70%. Systolic and diastolic left ventricular 
function as determined by changes in ejection fraction, peak ejection rate, 
peak filling rate, and end-systolic and end-diastolic volumes were impaired 
during coronary occlusion. Sequential dilatations did not further decrease 
left ventricular function if a sufficient interval was kept. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


603 
Use of Amiodarone for Short-Term and Adjuvant Therapy i in 
Young Patients 

Giacomo Pongiglione, Janette F. Strasburger, Barbara J. Deal, and 

D. Woodrow Benson, Jr. 








Amiodarone was considered effective as a sole antiarrhythmic agent.in 21 
of 47 (45%) patients for an average treatment duration of 12 months. 
Treatment was ineffective but was continued in 11 (23%) patients; in 10 of 
these patients amiodarone was adjuvant to other antiarrhythmic drugs. 
Thus, amiodarone was clinically useful in 32 (68%) patients; amiodarone 
was considered ineffective and was withdrawn in 15 (32%) patients. No 
patient required cardiac pacemaker implant during therapy. Torsades de 
pointes and cardiac arrest occurred in | patient each after 9 and 14daysof 
therapy, respectively. Two patients underwent successful cardiac trans- ` 
plant after 2 and 14 months of amiodarone administration, respectively. 
Amiodarone was administered as short-term treatment (<18 months) in7 
a infants (age <18 months), and after cessation of treatment, there was no ~ 
| tachycardi rence for 4 to 24 months. In pediatric patients, amioda- 
Ee rone i is usefu | both a short-term treatment and as s adjuvant therapy with 














Effects of Enion, on inni of Ventricular or Ta. 
Christine Hief, Martin Borggrefe, Xu Chen, Antonio Martinez-Rubio, 
Thomas Hachenberg, Peter Lawin, and Günter Breithardt 







The effects of enflurane on cardiac electrophysiologic parameters and on 

inducibility of ventricular tachycardia (VT) by programmed stimulation 

were studied in 12 patients (11 men and | woman, mean age + standard 
deviation 55 + 8 years) with drug refractory sustained monomorphic VT | 
who underwent transcatheter ablation with high-energy direct-current 
shocks. Programmed ventricular stimulation was performed on 2 separate 
days (mean interval 19 days). Two baseline studies were performed sever- 

_al days before and at the beginning of the ablation procedure while the 
patients were awake and nonsedated. The third study was performed lS to 
30 minutes after administration of. anesthesia (enflurane, oxygen and 
nitrous oxide). QTc interval increased significantly (456 + 51 to 482 + 57 
ms, p <0.05), whereas rate of sinus rhythm, QRS duration, PQ interval 
and ventricular effective refractory period were unaltered after initiation 
of anesthesia. Clinical VT was inducible in all patients. However, in: | 
patient, induction of VT was only possible. by pacing in the left ventricle 
after enflurane administration. 

































614 
Dispersion of Ventricular Repolarization in the Long QT 
Syndrome | 

Luigi De Ambroggi, Maria S. Negroni, Emanuela Monza, Tito Bertoni, and 
Peter J. Schwartz 





In 40 patients with idiopathic long QT syndrome and in 30 healthy control 
subjects, body surface potential maps (117 chest leads) were recorded in 
order to identify markers of electrical disparities of the ventricular repolar- 
ization. Maps of the integral values of QRST were calculated: a multipo- 
lar distribution of the values, a marker of gross repolarization inequalities, 
was found only in 4 patients. To detect minor regional disparities of 
ventricular recovery, all ST-T waveforms were analyzed in each subject. 
By applying principal component analysis, a “similarity index” was com- 
puted: a low value of the similarity index indicates a large variety of ST-T 
waves, likely to reflect the disparity of ventricular repolarization. The 
mean value of similarity index was significantly lower in patients with long 
QT syndrome than in control subjects (49 + 10 vs 77 + 8%); a value 
<61% (2 standard deviations below the mean for controls) was found in 35 ~ 
of 40 patients and in only 1 control subject (sensitivity 87%, specificity 
96%). The low value of the similarity index observed in patients with long 
QT syndrome suggests a high degree of dispersion of ventricular recovery 
times, a condition of vulnerability to malignant ventricular arrhythmias. 











621 | ua 
Dimensions of the Human Posterior Septal Space a and 
Coronary Sinus 

Lloyd M. Davis, Karen Byth, Peter Ellis, Mark A. McGuire, John E n B. Uther, 
David A. B. Richards and David L. MOSS. Pa 
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Introducing the HP SONOS 
1500, with Acoustic Quantifica- 
tion technology (patent pend- 
ing), the only cardiac imaging 
system on earth that can 
provide real-time quantification 
of cardiac function. 


The SONOS 1500 uses acoustic 
backscatter technology to de- 
tect the interface of blood and 
tissue in a user-defined region of 
interest, then gives you real-time 
measurements of blood area, 
fractional area change and area 
rate of change, displaying them 
as waveforms along with the 2D 
image of the heart. 


By assigning numbers to car- 

diac function, the SONOS 1500 
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study, and from lab to lab. It 
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lets you see trends over time,and 
makes it possible to detect even 


the most subtle changes in 
cardiac function. 


And besides real-time measure- 
ments, the SONOS 1500 offers 
optional Digital Storage and 
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It is a machine that will enable 
you to make diagnoses with 
greater confidence. And it will 
change forever the way you do 
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now for demos. For more infor- 
mation, including a white paper 
on the clinical benefits of 
Acoustic Quantification technol- 
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< results showed that : accessory pathways located i in the | proxi nof 
-the coronary sinus are almost always in the posterior septum, those be- - 
-tween 1.5 and 3 cm from the coronary sinus orifice may be in either the left 
free wall or the posterior septum, and those >3 cm from the coronary sinus 
orifice are almost invariably in the left free wall. Prediction of the width of 
the posterior septum in the individual patient was improved by accounting 
for the combination of patient age and poy weight. 5 





























626 
Stability Over Time of Variables Measuring Heart Period 
Variability in Normal Subjects | | 

Robert E. Kleiger, J. Thomas Bigger, Matthew S. Bosner, Mina K. Chung, 
James R. Cook, Linda M. Rolnitzky, Richard Steinman, and 

Joseph L. Fleiss 








We measured time and frequency domain measures of heats a vari- 
ability on 14 subjects aged 25 to 55 years (mean + standard deviation 32 
+ 7) free of cardiac disease. Baseline and placebo 24-hour ambulatory 
electrocardiograms were performed 3 to 65 days apart. Over this period of 
time the variables measured showed marked stability. The mean and 
standard deviations of the measured variables were virtually identical on 
baseline and placebo recordings, demonstrating a lack of placebo effect. 
The intraclass correlation coefficients, a measure of intrasubject variabili- 
ty, exceeded 0.8 for most variables, establishing that change in the vari- 
ables for a single subject is limited. Correlations between certain time and 
frequency domain measures were very high, establishing their essential 
equivalence. 





CONGESTIVE HEART FAILURE 


631 
Effectiveness of Imazodan for Treatment of Chronic 
Congestive Heart Failure 

A. David Goldberg, John Nicklas, and Sidney HOSLE, for the Imazodan 
Research Group 















The efficacy and safety of a new phosphodiesterase inhibitor, imazodan, 
was investigated in a 12-week multicenter, double-blind, randomized, 
placebo-controlled trial. The 147 patients with heart failure continued to- 
take their usual therapy including diuretics, digoxin and captopril. Exer- 
cise tests were performed monthly. Exercise time increased significantly 
from baseline in all groups. There was no difference between the ; groups in 
changes i in ejection fraction, ventricular arrhythmias or in exercise time. — 
= There was no significant difference by intent-to-treat analysis i in mortality. eS 
ae An the imazodan-treated groups compared: with those oe Baye: 






































TISSUE PLASMINOGEN ACTIVATOR 


_-» Briat Summary 


~~ Consult fult prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 


=o size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI, Treatment should be initiated as 
= ~ Soon as possible after the onset of AMI symptoms. 

 _ACTIVASE® is also indicated in the management of acute massive pulmonary embolism (PE} in 


adults: for the lysis of acute pulmonary emboli, defined as obstruction of blood flow to a lobe or 
<. - Multiple segments of the lungs, and for the lysis of pulmonary emboli accompanied by unstable 


> “ohemodynamics, i.e., failure to maintain blood pressure without supportive measures. The diagnosis 
$ should becontirmed by objective means, suchas pulmonary angiography or noninvasive procedures such 
_ as iung scannin 


` CONTRAINDICA CATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
is contraindicated in the following situations: + Active internal bleeding - History of cerebrovas- 
cular accident - Recent eer two months) intracranial or intraspinal surgery or trauma = 
WARNINGS} - Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bieeding 
diathesis - Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: « internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 


ae intracranial sites » Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g, 
7 sites of venous cutdown, arterial puncture, recent surgical intervention). 


Concomitant use of heparin anticoagutation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sifes may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites {including sites 
of catheter insertion, arterial and venous puncture, cutdown and needie puncture). 

intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE® Venipunctures should be performed carefully and only as required. 

Shouid an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied tor at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 
ay concomitant heparin should be terminated immediate! H 

ach patient being considered tor therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

in the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, e.g.. coronary artery bypass 
graft, obstetrical delivery, organ biopsy, previous puncture of noncompressible vesseis + Cerebrovas- 
cular disease » Recent (within 10 days) gastrointestinal or genitourinary bleeding + Recent (within 10 
days) trauma + Hypertension: systolic BP= 180 mm Hg and/or diastolic BP= 110. mm Hg + High 
likelihood of left heart thrombus, e.g, mitral stenosis with atrial fibrillation + Acute pericarditis + 

Subacute bacterial endocarditis « Hemostatic defects including those secondary to severe hepatic or 
renal disease » Significant liver dysfunction + Pregnancy « Diabetic hemorrhagic retinopathy, or other 
hemorrhagic ophthalmic conditions « Septic thrombophlebitis or accluded AV cannula at seriously 
infected site + Advanced age, i.e., over 75 years old « Patients currently receiving oral anticoagulants + 
Any other condition in which bleeding constitutes a significant hazard or would be particularly 
difficult to manage because of its location. 

= Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 

arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. ft is recommended that antiarr hythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 

Pulmonary Embolism it shouid be recognized that the treatment of pulmonary embolism with 
ACTIVASE® Altepiase, has not been shown to constitute adequate clinical treatment of underlying 

deep vein thrombosis. Furthermore, the possible risk of reembolization due to the lysis of underlying 
gep venous thrombi should be considered. 


"PR CAUTIONS: General Standard management of myocardial intarction or pulmonary embolism 


should be implemented concomitantly with ACTIVASE® treatment. Noncompressible arterial punc- 
ture must be avoided. Arteriai and venous punctures should be minimized. in the event of serious 
bleeding, ACTIVASE® and heparin should be discontinued immediately Heparin effects can be 
reversed by protamine. 
Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 
Although sustained antibody formation in patients receiving ane dose of ACTIVASE® has not been 

documented, readministration should be undertaken with caution. 
Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
- lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL} can to some 
extent mitigate this phenomenon. 
Drug interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied, in 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
(such as acetylsalicylic acid, dipyridamole) may increase the risk of bleeding if administered prior to, 
.. during or after ACTIVASE® therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
< ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 


_ » bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
. - Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® it is 
`: aiso- not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 


_ OF can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
< Clearly needed. 


_. Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established, 


Carcinogenesis, Mutagenesis, impairment of Fertility Long-term studies in animais have not been 
“performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 

evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 

. Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 

ymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 

| ipe index, was evidenced only after prolonged exposure and only at the highest concentra- 
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gastrointestinal 5% 
genitourinary 4%, 
ecchymosis 1% 
retroperitoneal <1% 
epistaxis <1% 


gingival 








The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant: 


Dose 
100 mg 
150 mg 
1-14 mg/kg 





















































Number of Patients 
3272 
1779 

237 


These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it h 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo i 
trialst7 is not signficantly different in the ACTIVASE® treated patients compared to those tr 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bieeding in a critical Jocation (intracranial, gastrointestinal, retroperitoneal, p 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any. conco ji 
therapy with heparin. E 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, wili be ys 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding: 
Allergic Reactions No serious or life-threatening allergic reactions have been reported: Other 
hypersensitivity reactions such as urticaria have been observed occasionally. ; 
Other Adverse Reactions Other adverse reactions have been reported, principally naus HOF 
vomiting, hypotension, and fever. These reactions are frequent sequelae of Mi and may oF may not be 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: ACTIVASE® is for intravenous administration only. ACUTE 10: 
DIAL INFARCTION: Administer ACTIVASE® as soon as possible after the onset of symptor 

The recommended dose is 100 mg administered as 60 mg (34.8 million 1U) in the first‘hour (of whi 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the seco 
hour, and 20 mg (11.6 million IU} over the third hour. For smaller patients {less than 65 kg a: 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 

Although the use of anticoagulants and antiplatelet drugs during and following administration 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concot 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been give 
either during and/or following heparin treatment. 
PULMONARY EMBOLISM: The recommended dose is 100 mg administered by intravenous infusion 
over two hours. Heparin therapy should be instituted or reinstituted near the end of or immediately. 
following the ACTIVASE® intusion when the partial thromboplastin time or thrombin time retume 
twice normal or less. 


A DOSE OF 150 MG OF ACTIVASE® SHOULD il BE USED BECAUSE IT HAS BEEN ASSOCIAT ; 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 
Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. K 

ACTIVASE* shouid be reconstituted by aseptically adding the appropriate volume of the accom i: 
ing Sterite Water for Injection, USP to the vial. Itis important that ACTIVASE® be reconstituted only w 
Sterile Water for injection, USF without preservatives. Do not use Bacteriostatic Water for injectio 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution contain 


deca 1.0 mg/mL at approximately pH 73. The osmolality of this solution is approx 
mOsm/k 
Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediate ; 


before use. The solution may be used for intravenous administration within 8 hours following recor 
tution when stored between 2-30°C. Before further dilution or administration, the product shou 
visually inspected for particulate matter and discoloration prior to administration whenever solution at 
container permit. 

ACTIVASE® may be administered as reconstituted at 10 mg/mL. As an alternative, the reconsti- 
tuted solution may be diluted further immediately before administration in an equal volume of 0: 
Sodium Chloride Injection, USP or 5% Dextrose Injection, USP to yield a concentrationo 
mg/mL. Either polyvinyl chloride bags or glass bottles are acceptable. ACTIVASE® is stable to 
8 hours in these solutions at room temperature. Exposure to light has no effect onthe stal 
these solutions. Excessive agitation during dilution should be avoided, mixing should-be ac 
plished with gentle swirling and/or slow inversion. Do not use other infusion solutions, €; i S 
Water for Injection, USP or preservative-containing solutions for further dilution. 

No other medication should be added to infusion solutions containing ACTIVASE® any 

intusion solution shouid be discarded. 
HOW SUPPLIED: gilts is supplied as a sterile, lyophilized powder in 20 mg and.50 mg \ 
containing vacuum, each packaged with diluent for reconstitution. 
Storage Store lyophilized ACTIVASE® at controlled room temperature nat to exceed 30°C (86 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended stor 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial: 
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Emergency Aortic Valve Replacement for Active Infective 
Endocarditis 
Flavian M. Lupinetti and John H. Lemmer, Jr. 


It is uncertain whether the increased technical demands of allograft aortic 
valve replacement (AVR) is justified in emergency operations. This study 
reports 15 patients with acute bacterial or fungal endocarditis who under- 
went emergency AVR because of severe congestive. failure, overwhelming 
sepsis or cerebral emboli. Eight patients received prosthetic valves (group 
I) and 7 received human allografts (group II). The groups were compara- 
ble in age (group I, 55 years; group II, 51 years), intravenous drug abuse 
(group I, 1; group II, 3) and previous AVR (group I, 3; group II, 2). 
Operative deaths occurred i in 4 of 8 group I and 1 of 7 group II patients. 
All surviving patients have been successfully followed (group I, 28 months; 
group II, 18 months). One group II patient required late reoperation and 
another group II patient died 10 months postoperatively of noncardiac 
causes. There were no other late complications or deaths. Allograft AVR 
can be performed safely in this high-risk patient population. 





CARDIOMYOPATHY 


642 
Electrocardiographic Correlates with Left Ventricular 
Morphology in Idiopathic Dilated Cardiomyopathy 

Francesco Pelliccia, Giuseppe Critelli, Cinzia Cianfrocca, Antonio Nigri, 
and Attilio Reale 





To verify whether the electrocardiographic pattern of patients with idio- 
pathic dilated cardiomyopathy (IDC) may be useful in predicting left 
ventricular (LV) morphology, 12 electrocardiographic criteria for LV 
enlargement were evaluated in 67 patients with IDC, and were correlated 
to angiographic and echocardiographic measurements of LV wall thick- 
ness, volume and mass. Multiple logistic regression analysis showed that 
total 12-lead QRS amplitude, voltage criteria of Sokolow and Lyon, 
overshoot and U-wave inversion were the variables significantly related to 
LV wall thickness. The sum of T/R wave ratios, the RV¢/RVs ratio and 
_ the Romhilt-Estes score were predictors of LV end-diastolic volume. Total 
 12-lead QRS amplitude and the sum of T/R-wave ratios were the only 
independent predictors of LV mass. Thus, multiple electrocardiographic 
criteria should be used to better predict LV mass and distinguish reliably 
72 between LV wall thickening and dilatation. 


i. Comparison of Allografts and Prosthetic Valves when Used for 















Sel 


= PS therapy. Tricuspid inflow Doppler diastolic function indexes of the PS 

















Long-Term | Assesoment of E Right \ Ventricular Diastolic Filling in in nas 
Patients with Pulmonic Valve Stenosis ert Treated.| in . 
Childhood oe 
Roger P. Vermilion, A. Rebecca Snider, A. Resai Bengur, and T a 

Jon N. Meliones ae 










To ieee if right vaea (RY) diastolic: filling abnormalities po 
sist long term after successful therapy of pulmonic stenosis ( 


patients were examined with Doppler echocardiography | 8 years after i 





follow-up patients were compared with those of 12 age-related control 
subjects and 14 untreated PS patients, PS: follow-up patients had higher — 
peak E velocity, lower peak A velocity, higher 0.33 area fraction, lower A 
area fraction, and higher E/A velocity and area ratios than untreated PS - 
patients (p <0.03). All Doppler indexes of the PS follow-up patients were 
the same as those of the control subjects except for the peak E and peak A 
velocities that were slightly higher and the E/A area ratio that was slightly 
lower (p <0.03). Thus, at long-term follow-up, all RV diastolic filling 
indexes of successfully treated PS patients improved compared with un- 
treated PS patients and approached values found in normal subjects. 
These data suggest that RV diastolic filling abnormalities in PS patients 
are reversible over the long term and are, thus, probably related to hyper- 
trophy rather than fibrosis and scarring. 


MISCELLANEOUS 


653 
Factors Influencing Doppler Indexes of Left Ventricular Filling 
in Healthy Persons 

Seppo Voutilainen, Markku Kupari, Mikko Hippeläinen, Kari Karppinen. 
Markku Ventilä, and Juhani Heikkilä 





Ninety-three healthy persons aged 11 to 91 years were studied to assess 
the factors influencing the Doppler indexes of left ventricular (LV) dia- 
stolic function. With advancing age—and with increases in either body 
mass index, heart rate, diastolic blood pressure or LV mass—the indexes 





of early filling decreased, whereas with regular modest use of alcohol or > 
- regular aerobic exercise they increased (p <0.05 for all). In subjects aged 
40 to 60 years, gender was the most important explanatory factor and = 
accounted for 32 to 57% of the variation in the peak atrial velocity, earlyto 


atrial peak velocity ratio and atrial filling fraction. Thus, many constitu- 


tional and physiologic factors and even life-style can influence Doppler i : r 
indexes of LV filling. This must be taken into account in the e interpretation a 


of individual data in clinical practice. 



























































ao Bivariate Genetic | Analysis of Left Ventricular Mass 

- Weight in Pubertal Twins (The Medical College of Virginia 
Twin Study) 

Henri A. Verhaaren, Richard M. Schieken, Michael Mosteller, John K. 

Hewitt, Lindon J. Eaves, and Walter E. Nance 










| Preventive health decisions require understanding the genetic regulation 
-of left ventricular (LV) mass. We hypothesized that genes common to 
_ both could explain the relation between weight and LV mass in children. a Mees 
In early pubertal twins, we asked: (1) How much. of the total \ ariance o of ee aa 
-LV mass is genetic? (2) After accounting for weight and sexual maturity, 
_ how much of the remaining variance is genetic? (3) Of the otal genetic ha 
variance, what proportion is specific for LV mass and what proportionis = = 
common to both weight and LV mass? (4) How much of the correlationis =- 
explained by genes common to both LV mass and weight? | Bivariate 
genetic analyses : confirmed that >90% of the correlation of LV mass and — 
weight is due to common genes. In normotensive children, preventive 
strategies of ‘weight reduction may have a limited effect. on | LY mass. 
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Left Ventricular Ejection Fraction Measured with Doppler 
Color Flow Mapping Techniques 
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A new technique for measuring left ventricular (LV) ejection fraction 
(EF) from Doppler color flow mapping was tested in 11 patients (age 0.4 
to 22 years). Within 24 hours of cardiac catheterization, 2-dimensional 
echocardiographic and color Doppler images were obtained from the 
apical 4-chamber and long-axis views. For the color Doppler images, the 
color sector was placed so as to include the entire left ventricle and the 
velocity scale was decreased to <0.17 m/s. At this setting, the entire LV 
chamber was filled with aliased (mosaic) Doppler signals, while the mo- 
tion of the surrounding LV walls was displayed as nonaliased (pure red- 
blue) Doppler signals. All images were manually traced and analyzed with 

_a biplane Simpson’s rule algorithm. End-diastolic and end-systolic vol- | 
umes measured from color Doppler correlated well with those measured. 
from 2-dimensional echocardiography (r = 0.99, standard error of the- 
estimate [SEE] = 11.9 ml; r = 0.99, SEE = 4.4 mi, respectively) and . 
cineangiography (r =0.92, SEE = = 16.8 ml; r =.0.90, SEE = 9.9 ml, re- 
spectively). Color Doppler EF correlated extremely well with that mea- 
sured from 2-dimensional echocardiography (r = 0.99, SEE = = 1.6%) and 
cineangiography (r = 0.96, SEE = 3.4%). Thus, EF can. be accurately 

measured from the color Doppler examination. 
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Comparison of ¢ 





Varying 


This study was performed to evaluate the pres- 
ence of angina pectoris, electrocardiographic 
-changes and reversible thallium-201 defects re- 
sulting from 2 different levels of exercise in 19 
evidence of exercise-induced ischemia. 

The exercise protocols consisted of a symp- 
tom-limited incremental exercise test (Bruce pro- 
tocol) followed within 3 to 14 days by a submax- 
_ imal, steady-state exercise test performed at 
70% of the maximal heart rate achieved during 


S -the Bruce protocol. The presence and time of on- 


set of angina and electrocardiographic changes 
(20.1 mV ST-segment depression) as well as 
oxygen uptake, exercise duration and pressure- 
rate product were recorded. Thallium-201 (2.5 
-to 3.0 mCi) was injected during the last minute 
` of exercise during both protocols, and the im- 
ages were analyzed using both computer-assist- 
ed quantitation and visual interpretations. 
incremental exercise resulted in anginal 
symptoms in 84% of patients, and electrocardio- 
graphic changes and reversible thallium-201 de- 
- fects in all patients. In contrast, submaximal ex- 
__. ercise produced anginal symptoms in only 26% 
- -> (p <0.01) and electrocardiographic changes in 


-only 47% (p <0.05), but resulted in thallium- 


a _ 201 defects in 89% of patients (p = not signifi- 


a the Huan Performance Laboratory, Division of Cardiology, 
Department of Medicine, Memorial Hospital of Rhode Island, Paw- 
- tucket, Rhode Island, and the Brown University Program in Medicine, 
Providence, Rhode Island. This study was supported by grants from the 
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cant). The locations of the thallium-201 defects, - 
when present, were not different between the 2 
exercise protocols. These findings confirm the 
sequence of the ischemic cascade using 2 levels 
of exercise and demonstrate that the cascade | 
theory is applicable during varying ischemic in- 
tensities in the same patient. 7 
(Am J Cardiol 1991;68:569-—574) 


thought to be initiated by alterations in blood . 
flow or increased myocardial oxygen demand, — 
or both, followed by dysfunction of the myocardium, — 
electrocardiographic ST abnormalities, and finally an- 
gina pectoris.'-? This sequence, termed the “ischemic — 
cascade,” has led some investigators to propose that si- 
lent myocardial ischemia occurs in situations in which 
the ischemic insult is not sufficient to cause angina pec- 
toris.4 Data supporting this model of ischemia have 
been obtained under conditions in which the individual 
events of the sequence can be separately observed by 
altering the severity and duration of the ischemia. t56 © 
Whereas these studies have established the sequence _ 
of myocardial responses during 1 ischemic challenge, 
little information ts available regarding the effects of | 
varying physiologic conditions on the ischemic cascade. — 
A recent study from our laboratory examined the rela- 
tion between electrocardiographic changes and angina 
under markedly different exercise intensities in 33 pa- 
tients swith provocable ischemia. i This study — jai 


T he temporal sequence of myocardial ischemia is 
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© Patients: All male patients referred for exercise 
~thallium-208 studies at the Memorial Hospital of 
Rhode Island during a 2-year period were screened for 
inclusion in tnis study. Entry criteria included anginal 
symptoms caring symptom-limited exercise testing, 
positive electrocardiographic response (horizontal or 
-= downsloping 5T segment depression 20.1 mV), a re- 
_versible thal aim-201 defect, previous angina pectoris, 
and consent # participate. 

Patients «ith conduction defects or left ventricular 
hypertrophy #n the electrocardiogram at rest, those re- 
ceiving digoz.n or other medications, or electrocardio- 
graphic changes at rest that precluded electrocardio- 
graphic interpretation were not included in the study. 
Coronary ar-ery bypass graft surgery at any time, per- 
cutaneous trensluminal coronary angioplasty or myo- 
cardial infarczion during the interval between the iden- 
<; tifying exercse test and the completion of the research 
- protocol werz also exclusion criteria. Women were ex- 
> cluded because so few were able to meet entry criteria 

from our lakeratory. 

Procedures: EXERCISE TESTING: After giving in- 
formed consent, the subjects completed 2 exercise tests. 
An incremertal exercise test was administered first, fol- 
lowed 3 to 14 days later by a 20-minute submaximal 
steady-state 2xercise test. Both tests were performed in 

_ the fasting state and at the same time of day. The pa- 
` tients contineed their prescribed cardiac medications on 
=the days of æsting and no medication changes were 
-made in the mterval between the 2 tests. 

} The incremental exercise test was symptom-limited 
< using a standard Bruce protocol on a Marquette series 
1800 treadmil.!! Test termination criteria included ST 
‘segment depression 20.3 mV, progressive angina pec- 
_ toris, volition] fatigue or other reasons to stop accord- 
ing to standerd criteria.!! 

The subrsaximal, steady-state test was performed 
on the same treadmill at a work load that elicited a 
art rate of 70% of the eae heart rate a 5 beats i 





reason to stop according. to ihe ae dese rib 





col and included images from normal subjects and pa- 7 


this study. The coded. studies were reviewed by 3 € of th 
: investigators onse | 













































termination criteria. !! 4 2 
Interpretation of the exercise tests was performed i in . 
a blinded fashion at the completion of the study. Inter- =- 
preters included 2 members of the study team as well ~ 
as a cardiologist not associated with the study. 
PHYSIOLOGIC MEASUREMENTS: The electrocardiogram,  ~ 
heart rate, blood pressure, oxygen uptake and ratings of -~ 
anginal pain (scale of | to 4 intensity) were monitored 
and the pressure-rate product was calculated during > 
both tests. Heart rate was calculated as the mean of 10. 
R to R intervals. The ischemic electrocardiographic _ 
threshold was defined as the time at which horizontal — 
or downsloping ST-segment depression 20.1 mV first 
appeared.!' The anginal threshold was defined as the 
time of the onset of angina pectoris. The pressure-rate 4 
product was calculated as the product of the systolic 
blood pressure and heart rate. 
Oxygen uptake was measured by indirect open-cir- 
cuit calorimetry using a Douglas bag technique. Mixed 
expired gas samples were collected during the last 30 
seconds of each minute during exercise and analyzed 
for fractional concentrations of oxygen and carbon di- 
oxide (Ametek S-3A oxygen analyzer and Beckman 
LB-2 carbon dioxide analyzer). Before each test, the 
analyzers were calibrated with a gas with known con- 
centrations verified by the micro-Scholander tech- 
nique.'* Expiratory volumes were measured using a 
heated digital pneumotach (Hewlett-Packard model no. 
47303A). Calculations of oxygen uptake and derived 
variables were obtained using the equations of Consola- 
zio et al.}3 o 
THALLIUM-201 IMAGING: For each exercise l 5 : ; 
thallium-201 (2.5 to 3.0 mCi) was injected intrave- -~ 
nously | minute before completion of the exercise. Im- — ~ 
aging commenced 10 minutes after exercise in the stan- 
dard planar views: anterior, 45° left anterior oblique 
and 70° left anterior oblique view. Patients returned 4 
hours later for delayed images. Equipment used for this 
study was an Elscint Corporation large field-of-view 
gamma camera with an all-purpose parallel-hole colli- 
mator. o | 
THALLIUM-201 INTERPRETATION: All — thallium-201 
studies were interpreted visually, using a Sudbury Sys- 
tems ImageCenter computer system. The studies were > 
read without knowledge of the patient or exercise proto- 










tients with coronary artery disease who were not. part of 













and agreement was by conse 


vee I Data Obtained at Peak Exercise During Incremental Exercise (Bruce protocol) and Submaximal Steady-State Exercise Testing 
in 22 Patients 


Exercise Test 


Incremental Submaximal 


19.5 + 2.3 
2.3+0.8 
1.0 + 2.5 
100 + 13 
153 + 14 


Exercise duration (min) 
Treadmill speed (miles/hour) 
Treadmill grade (%) 

Heart rate (beats/min) 

Systolic blood pressure (mm Hg) 


8.0 + 2.4 
3.2 + 0.5 
13.6 + 1.3 
130 + 16 
172 +18 


Diastolic blood pressure (mm Hg) 

Rate-pressure product (beats/min, mm Hg) 
Maximal VO2 (mi + kg! -+ min~}) 

Angina pectoris (no. of pts.) 

Patients with ST depression (no. of pts.) 

Maximal ST depression (mm) 

Patients with reversible Tl-201 defects (no. of pts.) 


NS = difference not significant; Tl-201 = thallium-201; VO2 = oxygen consumption rate. 


ly diminished activity, 2 = moderate reduction in activi- 
ty, and 3 = absent activity equivalent to background). 
This method has been previously validated for repro- 
ducibility.!° If =>2 of the 15 segments had defects, the 
study was considered abnormal.'® 

In addition to visual, blinded interpretation, the pla- 
nar views were subjected to computerized qualitative 
analysis, using the procedure of Maddahi'’ and 
Areeda!® and their co-workers. This program uses a 
circumferential profile analysis of pixel counts and 
compares the patient data with those from a group of 
32 patients with a very low probability of significant 
coronary artery disease. These analyses were performed 
independent of the visual interpretations. Comparisons 
between the visual data and computerized analysis of 
the same views were made with regard to the presence 
and location of defects. Discrepancies were resolved by 
either identification of artifact, such as breast attenua- 
tion, or by accepting the quantitative findings as cor- 
rect. Disagreement between visual and computerized 
analysis was <5%. 

Statistical analyses: Statistical analyses were com- 
pleted using a multivariate approach repeated-measures 
analysis of variance with the Biomedical Statistical 
Package, program 4V.'9 Post hoc tests were applied 
when indicated using a Tukey HSD test. 


RESULTS 

Nineteen men (mean age + standard deviation 61 
+ 7 years) completed the study protocol. All patients 
had stable angina pectoris. Six had prior myocardial 
infarction. Thirteen patients (68%) were taking anti- 
ischemic medications, with 6 receiving combination 
therapy. 

Data obtained at peak exercise during the 2 exercise 
protocols are listed in Table I. During submaximal ex- 
ercise, the maximally achieved heart rate, systolic blood 
pressure, heart rate-blood pressure product and oxygen 


22,357 + 3,303 








90 +11 86 +6 


15,275 + 2,718 
12.7+3.4 
5 
9 
17208 
17 


uptake were significantly lower than those achieved 
during the incremental exercise. By protocol design, the 
2 exercise protocols were also considerably different in 
work load achieved, and the exercise duration during 
steady-state exercise was significantly longer than with 
incremental exercise. 

The prevalence of angina pectoris, significant elec- 
trocardiographic changes and reversible thallium-201 
defects during the 2 exercise protocols are shown in 
Figure 1. During the Bruce protocol test, 16 of 19 pa- 
tients (84%) had angina and all patients exhibited re- 
versible thallium-201 defects and electrocardiographic 
abnormalities. In contrast, during the low-level, steady- 
state exercise, only 5 patients had angina (26 vs 84%, p 
<0.01) and 9 patients had significant electrocardio- 
graphic changes (47 vs 100%, p <0.01). However, with 
submaximal exercise, 17 patients still had reversible 
thallium-201 defects (89 vs 100%, p = not significant). 


PERCENTAGE OF PATIENTS 


Ti-201 Defect 


MARKERS OF ISCHEMIA 


and submaximal, steady-state exercise. ns = not significant. 
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| ‘Submaximal | 
(n = 5) 





|-Time (min) 


5.6 + 2.4 93+47 0.05 
HR (beats/min 115+ 13 99 +3 0.05 
SBP (mm Hg) 166 + 17 147+ 18 0.05 

|- DBP (mm Hg) 89 +8 89 +5 NS 


| RPP (beats/mis mm Hg) 19,186 + 3,296 14,590 + 2,011 0.05 





VO2 (mi - kg~® so min=?) 171 235 9922.2 0.05 
Speed (miles/hau 2.7 +08 20+06 NS 
12:3 1.8 0.0 £0.0 0.05 





| Grade (%) 


DBP = diastoke: blood pressure, HR = heart rate; NS = not significant; RPP = 
- 4 fate-pressure prodee; SBP = systolic blood pressure; VO2 = oxygen consumption rate. 


TABLE li! Comparison of the Onset of Electrocardiographic 
ST-Segment Caanges (21 mm) During Incremental (Bruce 
protocol) Exercise and Submaximal, Steady-State Exercise 


Submaximal 


(n = 9) (n = 9) p Value 








Time (min) 4.32 2.1 7.32428 ; 
HR (beats/min) 112 + 16 97+13 0.05 
SBP (mm Hg) 167 +11 150 + 15 0.05 
DBP (mm Hg) 90+8 88 +6 NS 
RPP (beats/mir,amm Hg) 18,792 + 3,222 14,564 + 2,434 0.05 
VO2 (mi> kg-l -min-!) = 16.6 + 3.5 12.0+3.7 0.05 
Speed (miles/hcwr) 2.3 + 0.6 24+0.9 NS 
Grade (%) 11.5 + 1.5 06+1.7 0.05 





: : Abbreviations ae Table il. 


The thall-am-201 defects with incremental exercise 
were either partially (5 patients) or totally (14 patients) 
-reversed on smages 4 hours after exercise. Similarly, of 
the thallium-201 defects with submaximal exercise, all 
were either partially (6 patients) or totally (11 patients) 
reversed wher imaged 4 hours later. The location of the 
~ -scintigraphic abnormalities were similar between the 2 
tests. Most defects affected the inferior and apical re- 
gions. 

_ The 5 patents with angina during the low level pro- 
tocol also had angina and electrocardiographic changes 
-during incremental exercise. Each of these 5 patients 
~ had reversible thallium-201 defects during both proto- 
cols, and 4 hed electrocardiographic changes with sub- 
-maximal exercise. Although 9 patients had electrocar- 
diographic changes with both protocols, the magnitude 
of the ST segment depression was significantly less with 
ibmaximal exercise (Table I). | 
In additicm to evaluating the percentage of patients 
ith evidence-of ischemia, the onset of angina and elec- 
iograpni ic changes during both exercise protocols 
xamined (Tables I and m). — pain that 














nifi icantly l and wa atn 
rate, Se ere “product ‘and oxygen “consumptior l 

































event varies in 1 accordance with the level of 







when compared with that observed in the same patients, a 
during incremental exercise (Table HI). 


DISCUSSION 

The present study was performed to evaluate the ` 
relations among 3 measures of ischemia during incre- — 
mental and submaximal exercise in the same patients. 
With incremental exercise, all patients demonstrated 
significant electrocardiographic ST segment abnormali- 
ties and reversible thallium-201 defects, whereas 84% 
of patients developed angina. In contrast, with submax- o 
imal exercise only 26% of patients had angina, 47% ts 
had electrocardiographic changes, but 89% still devel- 
oped reversible thallium-201 defects. The results of this — 
study confirm the concept of the ischemic cascade.!.2 — 
The sequence has been confirmed in numerous studies 
which demonstrate blood flow abnormalities early, fol- 
lowed by both systolic and diastolic dysfunction before 
clinical findings.*°-2+ 

Whereas previous studies described responses to a 
single ischemic stimulus, the present study evaluated 
the same patients under 2 conditions provoking isch- 
emia with use of dissimilar exercise protocols. Assum- 
ing the ischemic sequence concept to be correct, one 
would expect the less strenuous protocol, which has a 
lower energy demand as well as lower myocardial oxy- 
gen demand, to produce less angina and fewer electro- 
cardiographic changes than the more intense exercise. 
Since blood flow alterations have been proposed as one 
of the first events in the ischemic chain,” thallium-201 
changes would be expected to be seen in a greater per- = 
centage of patients with lesser stress than would either ~~ 
electrocardiographic changes or angina. Not only do = 
our findings demonstrate this, but the finding of a high- 
er percentage of patients with reversible thallium-201 _ 
defects than patients with either angina or electrocar- _ 
diographic changes provides a physiologic explanation 
for the greater sensitivity of thallium-201 imaging in 
detecting coronary artery disease, including low- level 
exercise. 73-26 ae 

Currently, it has been assumed that the ischemic | 
cascade follows a fixed threshold for each event, and : 
that the degree of the ischemia influences only the pres- : 
ence or absence of the event. Our data suggest ‘that 
although the ischemic cascade occurs in a set sequenc 
in response to ischemia, the onset of each. physiologi: 
































function has been added in addition to data supported 
by the present study on blood flow alterations, electro- 
cardiographic and anginal assessments. Rapid, symp- 
tom-limited exercise may be expected to elicit all events 
in the cascade at an early time in the exercise period 
but at a high rate-pressure product. Moderately pro- 
gressing maximal exercise would still bring about all 
changes, but at a longer time frame after the onset of 
exercise, and at a lower rate-pressure product. How- 
ever, submaximal incremental exercise which intention- 
ally limits the maximal activity would result in fewer 
patients exhibiting anginal symptoms or electrocardio- 
graphic changes. Finally, submaximal, steady-state ex- 
ercise results in even fewer clinical events and at a re- 
duced rate-pressure product. 

These data also give further support to an energy 
expenditure relation between “silent” and symptomatic 
myocardial ischemia. Our data with submaximal exer- 
cise demonstrated that many patients who were previ- 
ously symptomatic continued to show signs of ischemia 
(thallium-201 imaging, electrocardiographic changes) 
in the absence of symptoms. It has been suggested that 
patients with mixed anginal syndromes may have silent 


C.) Onset Angina Pectoris 


E Onset ECG Changes 


TAN Onset Wall Motion Abnormalities 


Pa) Onset Blood Flow Abnormalities 


ischemia in settings in which the work load or stress is 
not sufficient to cause angina pectoris. These episodes 
have been theorized to occur in daily situations, par- 
ticularly with psychological stress or low-level activi- 
ty.427-30 Two studies noted the onset of ambulatory ST 
segment depressions to be at a lower heart rate than 
that seen during laboratory conditions.*? This discrep- 
ancy in the onset of electrocardiographic changes is 
similar to our findings, and is likely explained by more 
gradual and prolonged exercise at a lower work load in 
the ambulatory setting (Figure 2). Although data from 
a study by Gasparetti et al?! did not show discrepancies 
between the time of onset of angina and electrocardio- 
graphic changes, they did confirm that patients had 
fewer anginal symptoms than electrocardiographic 
changes in the presence of thallium-201 defects. 

The present study was undertaken with a group of 
patients with stable angina pectoris and evidence of 
ischemia from exercise tests. Thus, many were receiv- 
ing antiischemic regimens. Therefore, the specific influ- 
ence of any of these drugs on our results cannot 
be ascertained. All medications were held constant 
throughout the study for each patient, as was the time 


TIME (Minutes) 
FIGURE 2. Theoretical relation between events of the ischemic cascade and intensity of exercise achieved. Three types of exer- 
incremental 





cise are 


maximal exercise, either with rapid or moderate incremental exercise (RIM, MIM); submaximal 


compared: 
exercise (ISM); and submaximal steady-state exercise (SSM). The relative onset of ischemic events may be compared with rela- 
tion to time and either rate-pressure product or oxygen uptake. Rapid incremental exercise and submaximal steady-state exer- 


cise are based on results of the present study, 


whereas moderate or submaximal 


exercise was theoretically derived 


from prior studies. BP = blood pressure; ECG = electrocardiographic; HR = heart rate. 
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ischemic caszade during aadal ischemia using a 

measure of tibod flow during varying physiologic stress 
in the same persons. The results of this study suggest 
hat, althougr angina or blood flow alterations may oc- 
-cur in a set sequence, the timing and hemodynamic lev- 
el at the onset of the ischemic event varies with the 
. physiologic s:zessor. Finally, these studies confirm that 
ischemia may occur at low levels of exercise in the ab- 
sence of synadtoms in the same patients who exhibit 
ngina at higrer exercise intensities. 
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-Forty-two patients with known stable coronary 
|. artery disease, referred for coronary angiogra- 

- phy, were examined with technetium-99m-hexa- 
kis-2-methoxy-2-methylpropyl-isonitrile (MIBI) 
tomography combined with a high-dose dipyrida- 
mole infusion (0.7 mg/kg) and handgrip stress. 
MIBI tomography was unable to show coronary 
artery disease only in 2 patients, thus yielding a 
sensitivity figure of 95%. MIBI tomography cor- 
rectly identified 27 (82%) of 33 stenotic lesions 
(250% diameter stenosis) of the left anterior de- 
scending artery, 17 (61%) of 28 of those of the 
left circumflex artery, and 28 (90%) of 31 of 
those of the right coronary artery. The overall 
vessel sensitivity was 78%. The computed lumen 
_. diameter stenoses were more advanced in cases 
detected than in those not detected with MIBI to- 
- mography: 87 + 14 vs 76 + 14% (p <0.01). The 
$0 to 69% stenoses did not show any tendency 
to produce less positive findings than those with 

>70% stenoses. In the subgroup of 21 patients 

who also presented for thallium scintigraphy, the 
overall diseased vessel identification rate was 
_ 76% for thallium tomography and 83% for MIBI 
~. tomography (p = not significant). Minor noncar- 
-diac side effects related to the dipyridamole- 
handgrip test occurred only in 5% of 63 study 
sessions. 

A high-dose dipyridamole combined with iso- 
metric exercise is a safe stress method, and 
when used during scintigraphy, MIBI tomogra- 
phy is at least as efficient a tool as thallium to- 
mography in detecting diseased vessel territories 
in patients in coronary artery disease. 

(Am J Cardiol 1991;68:575~-579) 
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echnetium-99m, linked to hexakis-2-methoxy-. 
2-methylpropyl-isonitrile (Tc-99m-MIBI), has 
been described as a myocardial perfusion imag- 
ing agent,! whose short. half-life and a pure gamma 
emission enable the use of higher doses and thus, to- 
gether with a higher photon energy, provides an image 
quality superior to that obtained using thallium. With 
only rare exceptions,’ excellent agreement with thalli- 
um-images during single-photon emission computerized 
tomography, when combined with dynamic exercise, : B 
has been reported.4~ z 

Dipyridamole administration has been proposed asa- 
feasible substitute for dynamic exercise in myocardial 
perfusion studies.&* Recently, planar imaging with Tc- 
99m-MIBI combined with dipyridamole infusion at the ` 
conventional dose of 0.56 mg/kg has been reported to... 
be comparable to dynamic exercise studies, as well as to... 
thallium-201 imaging and coronary angiography in a 
preliminary trial.? The present study was designed to 
test the ability of Tc-99m-MIBI in the detection of up- = 
take defects related to coronary artery stenoses verified 
by quantitative coronary angiography in patients with : : 
known coronary artery disease, and to compare its ac- 
curacy with thallrum-201 when using a higher dose. _ 
(0.7 mg/kg) of intravenous dipyridamole and handgrip 
isometric exercise as the stress method.® 


METHODS : 

Patients: Forty-two patients (9 women, 33 men, _ 
aged 45 to 72 years) with typical angina pectoris (New = 
York Heart Association class H to IV} but without oth- 
er cardiac abnormalities, elective coronary angiography l o 
performed on 2 certain weekdays during a successive — 
21-week period, were included in the study after giving 
informed consent. MIBI tomography was performed in _ 
every patient, and thallium tomography in every second _ 
one. Twenty-six patients had had a previous Q-wave | | 
myocardial infarction. The protocol was approved by 
the ethical committee of the hospital. S 

Coronary angiography: A selective biplane corel 
angiography | in multiple projections, including crani 
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end-diastolic zine frames in 2 projections. The 35-mm 
film was projected on to a digitizing table and the bor- 
ders of the stenosis; the vessel segments before and after 
the stenosis ere traced from 2 projections and the re- 
sults averagec. The correction of magnification was cal- 
culated with the aid of a reference grid and percent 
diameter stemsis was computerized as the result. Coro- 
nary luminal diameter reduction of 250 and 270% 
were analyzed separately as significant lesions, includ- 
ing the major diagonal branch of the left anterior de- 
scending art2ry, major obtuse marginal branch of the 
left circumfl2x artery and posterior descending branch 
of the domirant right coronary artery. 

Dipyridamole handgrip test: Dipyridamole was in- 
fused throug? a peripheral venous cannula at a rate of 
0.175 mg/kg/min for 4 minutes, with a total dose of 
0.70 mg/kg. Dne and one-half minutes after the end of 
dipyridamole infusion, the patients performed a hand- 
grip exercise in a sitting position by squeezing a hand 
dynamometer at a force of 50% of mean maximal vol- 
untary contraction for 11⁄2 minutes. The intravenous 
isotope injecson was given | minute before ending the 
squeezing. I~ severe symptoms developed or if blood 
pressure decwased >20 mm Hg, aminophylline, 50 to 
100 mg, was administered, and in cases of anginal chest 
pain, sublingeal nitroglycerin was given. 

Thallium and Tc-MIBI tomography: The studies 
were performed according to the 1-day stress-rest prin- 
ciple,? in rancom order, either before or after coronary 
angiography within the time domain of 3 months. 
Long-acting aitrates were discontinued on the day of 
examination. Medications did not change essentially 
between the < scintigraphic examinations. The doses of 
thallium-201 and Tc-99m-MIBI were about 2.5 (90 


MIBI 


Stress 





MBq) and 8 mCi (300 MBq), respectively. The dose of 
Tc-99m-MIBI for the resting study, 3 to 4 hours later, 
was about 20 mCi (740 MBq). 

Imaging data were acquired as a 64 X 64 matrix 
using the Siemens Rota™ ZLC/75 gamma camera 
with a low-energy, all-purpose collimator over 180°, 
starting from the 45° left posterior oblique projection, 
collecting 30 images every 6.0° for 35 seconds each, 
with a total acquisition time of 20 minutes.’ Each pro- 
jection was corrected for nonuniformity with thallium- 
201 or Tc-99m flood image. A 15 or 25% energy win- 
dow was used for Tc-99m and thallium-201, respective- 
ly. The transaxial sections were constructed by filtered 
backprojection with a Gamma-11 computer system us- 
ing SPETS program (Shepp & Logan filter, number 4 
in SPETS program). Coronal and sagittal slices were 
generated from the set of transaxial tomograms, corre- 
sponding to transverse and longitudinal sections of the 
cardiac axis, and stored with film formatter. As a 
quantitative analysis the circumferential profiles were 
calculated from the sum of 3 to 5 coronal slices for both 
rest and exercise study. Washout profile was also calcu- 
lated for thallium, and rest /exercise profile for techne- 
tium studies. A bullseye analysis was performed in con- 
troversial cases (Figure |). 

Scintigraphs were interpreted independently by 2 
observers who were not aware of the angiographic find- 
ings. Five discrete regions of the left ventricular myo- 
cardium—anterior, septal, apical, inferior and postero- 
lateral—were defined. The regional perfusion was con- 
sidered abnormal if a defect was visually present in 22 
tomographic slices with or without redistribution. Com- 
plete agreement between the observers concerning the 
presence or absence of defects was reached in 38 of 42 


TI-201 


FIGURE 1. Hexakis-2-methoxy-2-methyl- 
propyl-isonitrile (MIBI) (left) and thallium 
(TI-201) (right) tomography study on a 
patient with 87% stenosis in the distal 
right coronary artery (balanced domi- 
nance). Stress = dipyridamole infusion and 
handgrip exercise. 
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cases (90%). Disagreement about the results was re- 
solved by discussion. 
[ ‘Statistics: Results in patient study groups were ex- 
“pressed as mean + standard deviation. The normalcy 
ae was defined as the number of vessel territories with 


“normal scintigraphic patterns divided by that of corre- > 
sponding angiography findings. The signific icance among — 
the mean values was tested by the Mann-Whitney U — 


test, and. among the paired group data by the McNe- 
“mar test. A p value <0.05 was considered significant. 


RESULTS 

-~ - MIBI tomography revealed a normal perfusion scan 
‘only i in 2 patients (1 with 1-vessel and | with 2-vessel 
lisease), thus yielding a sensitivity of 95% in detecting 


artery Ba F rom Le stenotic lesions. of 


__ Left Circumflex Artery i 


50-69% 


70-100% 0-49% 50-69% 70-100% 


inthe subgroup of 50 to 70% stenoses than i in that of 10 


to 100% stenoses, but only i in the territories of left c 


rona ry arteries. (Table I). T 
overall vessel disease. ‘sensitivity and ‘Specificity . wW 
MIBI tomography was s18 ani eH, n resp ec pe zeh 














findings) v Wes > (n = 20) (p <0.01). 

In the sexgroup 5 of 21 patients submitted far both 
-thallium anc MIBI tomography, the overall diseased 
vessel identi*cation rates were 83% for MIBI tomogra- 
-phy and 76% for thallium tomography (p = not signifi- 
© cant, Table HI). Coronary angiography demonstrated 5 
> patients wit- 1-vessel disease (4 of them had evidence 
< on both the MIBI and thallium tomograms). Of the 16 
patients wit: multivessel disease, 10 had correct diag- 
nosis on MIBI tomography and 9 on thallium tomogra- 
phy. 

Anginal ehest pain occurred in 8 patients, electro- 
cardiographic ST-segment depression in 3, and noncar- 
diac symptcams (dyspnea or dizziness, or both) in 3 in 
the context ef dipyridamole infusion or handgrip exer- 
cise, or both Aminophylline, 50 and 100 mg, was in- 
jected on 2 dccasions to abolish the symptoms. With 
regard to the 63 study sessions, the frequency of dipy- 
ridamole-reizted adverse events were: chest pain 13%, 
ST-segment depression 5%, and noncardiac side effects 
5% (total 22%). 











DISCUSSION 

Dipyridamole-handgrip: The most distinctive fea- 
ture of the design of the present study was the substitu- 
tion of dynamic exercise by dipyridamole infusion and 
isometric handgrip exercise in conjunction with MIBI 
tomography.. The use of dipyridamole infusion as a sub- 
stitute for dynamic exercise has been previously vali- 
dated by ux’ and others!® in thallium studies. The 
method has zven been suggested to be superior to dy- 
namic exerce in detecting multivessel disease’ and re- 
distribution defects with thallium scintigraphy. !° 
pe We adrninistered a higher intravenous dose (0.7 
mg/kg) of dipyridamole reported previously.!! Irre- 
„spective of <1e severity of coronary artery disease and 
the withdrawal of long-acting nitrates on the day of 
~ examinatior. the rate of noncardiac side effects or isch- 


ae emic pain after dipyridamole was not higher than that 


- reported eælier with lower dipyridamole doses.%!!!¢ 


~The total range of adverse events remained considera- 


~ bly lower tzan in a large multicenter study reported 
‘recently by Ranhosky et al.!3 However, prolonged 
¿severe myocardial ischemia, bronchospasm and even 
-death have æen reported!*-' and therefore, total doses 
_of dipyridarsole have been recommended not to exceed 
me," 17 The seas! of isometric hansen exercise as 





red i. saiid of 18% ConA a slightly 


lower than in some recent studies including significantly _ 
less cases of 3-vessel disease,4>-!? which certainly reduc- ` : 
es the probability of “missing” individual hypoperfused 


vessel territories.? Our series indicates that MIBI to- 


mography is an efficient tool in detecting significant 


stenoses of the right coronary artery. The distinction a 


between the stenoses of the right coronary and left cir- 
cumflex arteries depends largely on how dominant 
these vessels are,*° as evidenced in this study: the com- 
bined area of these arteries enhanced the rate of cor- 
rectly identifying lesions. 


MIBI versus thallium tomography: When assessing 


the subset of 21 patients submitted for both MIBI to- 
mography and thallium tomography, the former ap- 
peared to offer a slight advantage in detecting vessel 
stenoses. This is in agreement with some recent studies 
on patients with angiographically proved coronary ar- 
tery disease,*!?* but disagrees somewhat with results 
obtained with 38 patients by Kahn et al, who suggest- 
ed MIBI tomography to be superior to thallium tomog- 
raphy. 

Diameter stenosis: We used computer-based quan- 
titative analysis in determining the percent diameter 
magnitude of the stenoses. It has been suggested that 
“moderately severe” stenoses of 30 to 70% lead to re- 
striction of “coronary flow reserve” in an unpredictable 
way. In our data, the “borderline” stenoses of 50 to 
70% did not appear to compromise perfusion essentially 
less than “critical stenoses,” irrespective of the isotope 
used in scintigraphy. | 


REFERENCES 

1. Okada RD, Glover D, Gaffney T, Williams $, Myocardial kinetics of techne- 
tinm-99m-hexakis-2-methoxy-2-methylpropyl-isonitrile. Circulation 1988;77: 
491-498. 

2. Narahara KA, Villanueva-Mever J, Thompson CJ, Brizendine M, Mena I. 
Comparison of thallium-201 and technetium-99m hexakis 2-methoxyisobuty! iso- 
nitrile single-photon emission computed tomography for estimating the extent of 
mryocardial ischemia and infarction in coronary artery disease. Am J Cardiol 
1990;66:1438- 1444. 


3. Berman DS, Kiat H, Maddahi J, Shah PK. Radionuclide imaging of myocardi- a a 
al perfusion and viability in assessment of acute myocardial infarction, Am J 1 


Cardiol 1989;64:9B-16B. 


4. West DJ, Najm YC, Mistry R, Clarke SE, Fogelman 1, Maisey MN, The 


jocalization of myocardial ischaemia with technetium-99m methoxy isobutyl i iso 


nitrile and single photon emission computed tomography. Br Heart J 1989; 
62:303-313. 


5. Kahn JK, McGhie I, Akers MS, Sills MN, Faber TL, Kulkarni PV, Willen’ 


JT, Corbett JR. Quantitative rotational tomography with HTL and YT. 
methoxy-isobutyl-isonitrile, A direct comparison in: normal: individuals: and pa 


aa tents: with coronary artery $ disease. Circulation 1989:79:1282-1293. B 


989:117. 1344-1365. ee 
9. Taillefer R. Technetium-99m sestamibi myocardial imaging: same-day rest- 
+ stress studies and dipyridamole. Am J Cardiol 1990:66:80E-84E. 
10. Varma SK, Watson DD, Beller GA. Quantitative comparison of thallium- 
201 scintigraphy after exercise and dipyridamole i in eorom artery ae Am J 
-Cardiol 1989:64:871-877. 
Al. Cannon RO, Cattau EL. Jr, Yakshe PN, Maher K Schenke WH, Benjamin 


‘SB, Epstein SE. Coronary flow reserve, esophageal ‘motility, and chest pain in. 
A tients with angiographically normal i arteries. Am J Med 1990; 


liland © 
S testi h thallium imaging. . Am J Cardiol 1987;59:1 52-154. 
A, Kempthorne-Rawson J. The Intravenous Dipyridamole Thalli- 


tudy Groùp. The safety of intravenous dipyridamole thallium myocardial 


perfusion | imaging. Circulation 1990;81:1205- 1209, 


44. Lewen MK, Labovitz AJ, Kern MJ, Chaitman. BR. Prolonged myocardial . 
ischaemia after intravenous Sieyripamole thallium, imaging, Chest 1987; 


© 92:1102-1104. 

` 15; Friedman HZ, Goldberg SF, Hios AM, O'Neill ww. Death with dipyrid- 
amole-thallium i imaging. Ann Intern Med 1988:109:990-991, 

16. Lette J, Cerino M, Laverdiere M; Tremblay J, renovault J. ee Broncho- 
napu followed by TERANO arrest during thallium-dipyridamote imaging. 


i Guiney TE, Strauss HW, ‘Boucher CA. Safety of 


18. Raan ID, Simonetti L as ML, Winniford MD. Coronary 
standard dose dipyridamole and dipyridamole combined with handgrip 4 

tion 1989;79:566-572. E 

19. Chouraqui P, Maddahi J, Ostrzega E, Van Train K, Charuzi y, Prigen 
Berman DS. Quantitative exercise thallium-20! rotational tomography for ev 
ation of patients with prior- pers infarction. Am J Cardiol B 
66:151-157, E 
20, DePasquale EE, Nody AC, DePuey EG, Garcia: EV, Pilcher G, Bredla 
RoubinG, Gober A, Gruentzig A, D'Amato P, Berger HJ. Quantitative: rotat 


thallium-201 tomography for ident nia and localizing coronary artery disease 


Circulation 1988:77:316-327. => cn 
` 24. Kiat H, Maddahi J; Royk LT, Van Train K, Friedman J, Resser K, Beria: 


DS. Comparison of technetium 99r | Methoxy isobuty! isonitrile and thallium 2 
for evaluation of coronary artery disease by panara and tomogra oe methods fa 
Heart J 1989; N7- TL. ee, aaa 












<- To evaluate the efficacy of slow-release nifedi- 

pine (a single dose of 20 mg given at 10 P.M. or 2 

© doses of 20 mg at 10 P.M. and 6 A.M.) on isch- 

= emic episosies in patients with variant angina, a 

~ single-blind crossover study with ambulatory 
electrocardiographic monitoring was performed 
in 15 patieats (13 men and 2 women, mean age 

= 63 years). n all, there were 646 ischemic epi- 
~ sodes detected with ambulatory electrocardio- 

graphic manitoring during the study period, and 

618 episodes of them occurred during placebo 

periods wiih a circadian variation. Sixty-nine 
= percent of the episodes in placebo periods were 

asymptomatic. The number of anginal attacks, 
nitroglycerin tablets taken, ST-segment elevation 
and the total ischemic duration significantly de- 
creased during nifedipine therapy compared with 
results after the placebo therapy period, respec- 
tively (p <&.01 or 0.05). Twenty-eight ischemic 
episodes occurred during nifedipine therapy 
when the plasma level of nifedipine was low. 
Thus, asymptomatic ischemic episodes more fre- 
quently occur than symptomatic episodes and 
the administration of slow-release nifedipine is 
highly effective in suppressing not only symp- 

_ tomatic bet also asymptomatic myocardial isch- 
emia in palients with variant angina. The timing 
of the administration of slow-release nifedipine is 

an important factor in suppressing ischemic epi- 
sodes. 








(Am J Cardiol 1991;68:580--584) 
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ariant angina is characterized by recurrent at- _ 

tacks of chest pain occurring at rest and associ- 

ated with ST-segment elevation on the electro- 
cardiogram.! The attacks occur most frequently from ~ 
midnight to early morning and it is now established 
that this syndrome is caused by spasm of a large coro- 
nary artery.?~© | 

For the treatment of this syndrome, the efficacy of 
calcium antagonists has been shown.’-? However, the 
pattern of administration of calcium antagonists to pa- 
tients with variant angina has not been examined criti- 
cally. The half-life of nifedipine in a conventional cap- 
sule form is approximately 4 to 5 hours!® and it does 
not always suppress the myocardial ischemic episode in 
the early morning if administrated in the daytime. 
Slow-release nifedipine is the alternative form of tablet 
containing nifedipine and the half-life of nifedipine is 
longer (10 to 15 hours)!'-!? than the capsule form. 
The evaluation of the efficacy of drugs on variant 

angina must be based not only on symptomatic but also 
on asymptomatic ischemic episodes because many epi- 
sodes in patients with variant angina are asymptomatic. 
Ambulatory electrocardiographic monitoring is a useful 
method for detecting myocardial ischemia in patients 
with various types of angina.'4-!? In the present study,- 
we evaluated the efficacy of slow-release nifedipine on 
both symptomatic and asymptomatic ischemic episodes ~~ 
in patients with variant angina by a single-blind cross- 
over study using ambulatory electrocardiographic mon- — 
itoring. 


METHODS 

Patients (Table 1): Fifteen patients with variant an- 
gina (13 men and 2 women), aged 49 to 80 years 
(mean 63), were studied, All patients had recurrent an- 
ginal attacks associated with ST-segment elevation on 
the electrocardiogram. Ischemic attacks with ST-seg- 
ment elevation appeared in the anterior leads in 7 pa- 
tients, in the inferior leads in 3 patients and sometimes 
in the anterior leads and other time in the inferior leads 
in 5 a ane of a major oc. artery ty pertus 
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Lo ST f in Vi-4 
2 72M ST? in V2.5 
3 62M ST? in tl, H, aVF 
4 59M ST? in i, IH, aVF, Vis 
5 63M ST? inih IH, aVF, Vi-6 
6 59M ST? in fl, Ul, aVF 
7 57M ST ft in fl, Ul, aVF 
8 80M ST ft in Ul, H aVF, Vi-e 
9 59M ST? inj, aVL, Vi-g 
10 63F ST ft in Vi-a 
11 63M ST f in Vi-g 
12 ZIM ST f in V2-5 
13 80M ST f intl, HH, aVF, V5—6 
14 51M ST ft in tl, iH, aVF, Vi-a 
15 55M ST t inf, aVL, Vina 


CAG = coronary angiogram; ECG = electrocardiogram:; LCA = 





cause of age and clinical condition. The details of the 
method of the induction of coronary spasm have been 
reported.*°! Informed consent was obtained from each 
patient. 
Protocol: All medication except for sublingual nitro- 
glycerin was stopped 22 days before the study. Be- 
cause the attacks of variant angina are often unstable 
and may result in acute myocardial infarction or sud- 
den cardiac death, a double-blind study was avoided 
and a single-blind crossover study was performed for 16 
days. Four successive periods were designed as follows: 
. placebo | period-—-when placebo was given orally once 
a day at 10 p.m. for 4 days; nifedipine I period——when 
slow-release nifedipine, 20 mg was given at 10 p.m. for 4 
days; placebo II period—-when placebo was given twice 
a day at 10 pm. and 6 a. for 4 days; and nifedipine H 
period-—when slow-release nifedipine, 20 mg, was given 
twice a day at 10 p.m. and 6 am. for 4 days. Patients 
were instructed to maintain a daily diary and to de- 
scribe the episodes of anginal attack if they noticed the 
symptoms. 

Ambulatory electrocardiographic monitoring: Dur- 
ing the last 2 days of each period, 48-hour ambulato- 
ry electrocardiographic monitoring (Del Mar Avionics 

> Electrocardiocorder, model 447) was performed and 
analyzed with the use of the Evaluator H (Del Mar 
. Arian model PMA Two channels of > poe pre- 








left coronary artery; RCA = right coronary artery; Seg. = segment; t = elevation: ? = not performed. 








Coronary Angiogram Fe ag ae 













During Attack 


Seg. 7; 100% 
Seg. 7; 100% 





Sign ificant stenosis {=} 


Seg. 1; 75% 












Seg. 2; 90% Significant stenosis (—) _ 
Seg. 1; 90% Seg. 13; 75% 

Seg. 6; 75%. 

Seg. 1; 100% Significant stenosis (—) 
LCA; ? 






Seg. 4; 100% 
- Seg. 1; 100% 
Seg. 7; 100% 


Significant stenosis {~} A 
Significant stenosis (=) 
Seg, 7; 90% 



































RCA; ? 
Seg. 7; 99% Significant stenosis (—) 
Seg. 6; 100% Seg. 6; 90% 
Seg. 7; 100% Seg. 7; 90% 
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Seg. 12; 100% ' Seg. 7; 75% 
Seg. 12; 95% 
CAG; ? 
Seg. 1; 100% Significant stenosis {—) 
Seg. 7; 90%. 
Seg. 11; 100% 


Seg. 7; 100% seg. 7; 75% 


Seg. 14; 75% 


elevation 20.2 mV compared with the baseline ST lev: 
el at a point 60 ms after the nadir of the S wave. ST: 
segment changes considered to be due to postural 
change, such as sudden, sustained ST-segment changes 
or those accompanied by an abrupt change of the QRS 
complex, were strictly excluded. These analyses were — 
performed by >2 observers. E 
Blood sampling: Blood sampling was performed on 
the last day of the nifedipine II period to measure plas- 
ma levels of nifedipine. The timing of the sampling was _ 
30 minutes before, and 30 minutes and 1, 2, 4,6, 8 and _ 
12 hours after the administration of slow-release nifedi- 
pine, 20 mg, at 10 pm. The plasma level of nifedipine 
was measured by high-performance liquid lias ; 
raphy. £ 
Statistical analysis: The results are expressed | as- 
mean + | standard error. Analysis of variance (repeat: e 
ed measures) was used to compare the differences of 
parameters. between each period. A p value <0.05 was . 
considered significant. | 


RESULTS 

Anginal attack: The number of anginal attacks wal 
14 + 5.0, 1.8 + 0.5, 14.1 48.1 and 0.8 40.5 times i 
the placebo I, nifedipine I, placebo II and nifedipine 
periods, respectively. It decreased significantly du 
the ere I and I TEE (p. <0 D comp 






i 


| 
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6 of 15 patiests during the nifedipine I period and in 11 
of 15 patients during the nifedipine II period. 

Consumec nitroglycerin tablet: The number of con- 
sumed nitroalycerin tablets was 5.3 + 1.4, 1.34 0.5, 
4.2 + 1.9 anf 0.1 + 0.1 tablets in the placebo I, nifedi- 
pine I, placebo II and nifedipine II periods, respectively. 
It decreased significantly during the nifedipine I (p 
<0.05) and nifedipine II (p <0.01) periods compared 
with the number during the placebo I period. It also 
decreased significantly during the nifedipine II period 
(p <0.05) compared with that during the placebo II 
period. Eigh- of 15 and 13 of 15 patients did not con- 
sume nitroghcerin tablets during the nifedipine I and 
nifedipine II >eriods, respectively. 

Number ef ischemic episodes detected by ambula- 
tory electrocardiography: There were 646 ischemic 
episodes detected with ambulatory electrocardiographic 
monitoring Gering this study, and 618 episodes of them 
occurred du-ng placebo periods. Four hundred and 
twenty-five @ 618 episodes (69%) was asymptomatic. 
The number ef ischemic episodes was 24.9 + 7.4, 1.7 
1.3, 16.3 + €8 and 0.1 + 0.1 times per 48 hours in the 
placebo I, niedipine I, placebo II and nifedipine II pe- 
riods, respec-wvely (Figure 1). It decreased significantly 
during the ni edipine I and II periods (p <0.01) com- 
pared with tæ number during the placebo I period. It 
also decreased significantly during the nifedipine II pe- 
riod (p <0.01) compared with the number during the 
placebo II period. Nifedipine completely suppressed 
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FIGURE 1. The effect of slow-release nifedipine on the num- 
ber of ischemi<c-episodes detected by 48-hour ambulatory 
electrocardiog-aphy. NS = not significant. 


ischemic episodes in 12 of 15 and in 13 of 15 patients 
during the nifedipine I and II periods, respectively. Fig- 
ure 2 shows the number of symptomatic and asymp- 
tomatic episodes per quarter of a day. There was a cir- 
cadian variation with a peak incidence from midnight 
to early morning; 40% of the total ischemic episodes 
appeared from 0 a.m. to 6 a.M.. Slow-release nifedipine 
not only suppressed the number of ischemic episodes 
from 618 to 28 (or to 5%) but also eliminated the circa- 
dian variation. The drug markedly suppressed asymp- 
tomatic as well as symptomatic episodes during the ni- 
fedipine I and II periods compared with the placebo I 
and II periods. 

Duration of ST-segment elevation: Total duration 
of ST-segment elevation was 71.6 + 18.6, 3.9 + 2.7, 
42.9 + 16.3 and 0.5 + 0.4 minutes per 48 hours in the 
placebo I, nifedipine I, placebo II and nifedipine II pe- 
riods, respectively (Figure 3). It decreased significantly 
during the nifedipine I and II periods (p <0.01) com- 
pared with the duration during the placebo I period. It 
also decreased significantly during the nifedipine II pe- 
riod (p <0.01) compared with the placebo II period. 

Plasma level of nifedipine: The plasma level of ni- 
fedipine was 24.0 + 4.3, 31.1 + 6.6, 52.7 + 10.8, 72.7 
+ 12.3, 93.0 + 9.4, 91.1 + 10.2, 67.3 + 7.8 and 37.9 + 
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5.6 ng/ml at baseline, 30 minutes, and 1, 2, 4, 6, 8 and 
12 hours after administration, respectively (Figure 4). 
The plasma concentration reached a peak at 2 to 6 
hours after the administration of the drug. 

No adverse effects were noted in the present study. 

Timing of the administration and ischemic episode: 
Twenty-six ischemic episodes in 3 patients occurred 
from 5:08 p.m. to 10:53 p.m. during the nifedipine I peri- 
od, and all of them were asymptomatic. During the ni- 
fedipine II period, only 2 episodes occurred in 2 pa- 
tients. One of them occurred at 10:01 p.m. and the 
plasma concentration at 10 p.m. in this patient was very 
low, i.e., 7.3 ng/ml. Another occurred at 10:19 P.M., 
and the plasma concentration at 10 p.m. in this patient 
was 19.2 ng/ml. When 1 more slow-release nifedipine 
tablet was added at 6 a.m., the episodes between 5 P.M. 
and 10 p.m. were suppressed. 


DISCUSSION 

Efficacy of slow-release nifedipine on the ischemic 
episodes in variant angina: [t is known that calcium 
antagonists are effective in the treatment of variant an- 
gina. Nifedipine is the prototypical agent, and the bene- 
ficial effects of the drug on the treatment of variant 
angina has been extensively documented.’* However, 
the half-life of nifedipine in a conventional capsule form 
is approximately 4 to 5 hours!® and it does not always 
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FIGURE 3. The effect of slow-release nifedipine on the dura- 
tion of ischemic episodes detected by 48-hour ambulatory 
electrocardiography. significant. 


= OS _ 


suppress the myocardial ischemic episode in the early 
morning if the drug is administrated in the daytime. 
Slow-release nifedipine has been reported to have a 
longer half-life (10 to 15 hours).!!-13 Thus, slow-release 
nifedipine may be able to suppress ischemic episodes for 
a longer time than the conventional form. The plasma 
level of nifedipine in this study reached a peak level at 2 
to 6 hours after the administration and remained ele- 
vated for 12 hours. 

The present study shows that slow-release nifedi- 
pine, 20 mg, given twice a day at 10 p.m. and 6 A.M, or 
once a day given at 10 p.m. markedly suppressed both 
the number of anginal attacks and the number of ni- 
troglycerin tablets taken. Furthermore, the drug also 
markedly suppressed both the number of ischemic epi- 
sodes and the total duration of ST-segment elevation 
evaluated by ambulatory electrocardiographic monitor- 
ing. The drug suppressed asymptomatic as well as 
symptomatic episodes. 

Relation between timing of the administration and 
the occurrence of ischemic episodes: Ít is interesting 
that even the administration of slow-release nifedipine 
once a day at 10 p.m. completely suppressed the isch- 
emic episode from 11 p.m. to 5 P.M, probably because 
the plasma level of nifedipine increased enough to sup- 
press ischemic episodes during this time zone. All of the 
episodes in the nifedipine I period were asymptomatic 
and occurred between 5 p.m. and 11 P.M., when the plas- 
ma levels of nifedipine seemed to be low. The ischemic 
episode disappeared completely in 13 of the 15 patients 
during the nifedipine II period, and only 2 episodes oc- 
curred in 2 patients during that period, at 10:01 and 
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FIGURE 4. Plasma levels of nifedipine. Slow-release nifedi- 
pine, 20 mg, was administrated at 10 p.m. (arrow). SE = stan- 
dard error. 
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aa We kaea me ee of slow-release 
¥ mg, once a day at 10 p.m. or twice a day 
at 10 pM. anc 6 aM. is highly effective in suppressing 
not only sym-tomatic but also asymptomatic myocardi- 
ia iy patients with variant angina. The timing 
of the admin:stration of slow-release nifedipine is one of 

the important factors in suppressing ischemic episodes. 
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versus heparin alone, 2,531 patients with acute 
myocardial infarction in 89 coronary care units 
were enrolled for >30 months. Patients admitted 
within 4 hours of the onset of pain were random- 
ized to receive either intravenous urokinase (a 
bolus dose of 1 million U repeated after 60 min- 
utes) plus heparin (a bolus dose of 10,000 U fol- 
lowed by 1,000 IU/hour for 48 hours) or heparin 
alone (infused at the same rate). Complete data 
were obtained in 2,201 patients (1,128 taking 
urokinase and 1,073 taking heparin). At 16 
days, overall hospital mortality was 8% in the 
urokinase and 8.3% in the heparin group 
= (p = not significant). Among patients with anteri- 
or infarction, mortality was 10.3% in the uroki- 
_. nase and 13.9% in the heparin group (p = 0.09; 
ae _ relative | risk = 0.73). The incidence of major 
-bleeding (urokinase 0.44%, heparin 0.37%) as 
- well as the overall incidence of stroke (urokinase 
0.35%, heparin 0.20%) was similar in the 2 
groups. The rates of major in-hospital cardiac 
complications (reinfarction, postinfarction angi- 
b na) were also similar. 
| (Am J Cardiol 1991;68:585--592) 
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“{ everal randomized studies have shown aa 
Me thrombolytic therapy may reestablish flow. in. 

w the infarct-related artery,'~4 preserve myocardial 
function>-’ and reduce mortality.2-!5 However, there. 
has been considerable debate over the choice of throm- 
bolytic agent. Previous studies evaluating intravenous 
urokinase reported an impressive coronary thromboly- 
sis,'®!? similar to that achieved with recombinant tis: 
sue-type plasminogen activator.!* Despite these poten- 
tially important findings, the effects of intravenous uro- 
kinase on the incidence of mortality have not been. 
assessed in a large controlled trial. Accordingly, a con- 
trolled, multicenter trial with central randomization 
was begun in June 1985, | 







































METHODS ae 
Objectives of the Study: The primary endpoint waso- 
to compare the effects of intravenous urokinase plus 
heparin versus heparin alone, when infused within 4- 
hours after the onset of symptoms of myocardial infarc- 
tion, on the incidence of mortality at 16 days. | 
The secondary end points were to assess. the toler- 
ability of the treatment regimen, with special emphasis — 
on detecting bleeding complications, and to compare 
the effects of intravenous urokinase and heparin on the __ 
incidence of nonfatal cardiac events. All end points o 
were established prospectively. a 
Sample size and randomization: The necessary sam- 
ple size was estimated to be 1,500 patients for each arm 
of the study on the basis of the following assumptions: 
total early mortality of 12% in the control group and 
10% in the urokinase group, type I (æ) error of 0.05, 
and type H (8) error of 0.80. Inclusion was planned to _ 
be completed within 2 years. Since the assumed mortal- 
ity turned out to be overstimated, after 2 years the 
steering committee decided to extend the inclusion peri- 
od. The participating departments could only agree te 
increase the inclusion period for another half year.. 
To encourage recruitment, the trial procedures. we 
as simple as- possible ~randomization involved. only 
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domization sts); patient identifiers, age and sex, time 
of the telephone call, blood pressure, hours from onset 
of the episoce of pain that led to admission, electrocar- 
diographic f adings. After allocation of a specific treat- 
ment, the petient was irrevocably in the trial for an 
“intention to treat” analysis. The protocol specified | 
interim anal,sis every 500 randomized patients. Results 
from these were presented only to the review commit- 
tee; a difference in mortality exceeding 3 standard devi- 
ations would have led the committee to call an early 
halt to the taal. 

Eligibility Patients of either sex were considered for 
randomizatien without age limitations. Criteria for eli- 
gibility were typical chest pain refractory to sublingual 
nitroglycerir administration lasting 230 minutes, a 
maximum af 4 hours between onset of symptoms and 
recruitment, and ST-segment shift 20.1 mV in the pe- 
ripheral leac: of the electrocardiogram or 20.2 mV in 
the chest leads. As in previous studies,’ this research 
protocol did not require informed consent, mainly be- 
cause the pacients’ predicament was judged too acute 
for acceptat& application of the procedure. The medi- 
cal staff was ready to provide explanations to the pa- 
tients on recwest. Exclusion criteria were those adopted 
in the Gruppo Italiano per lo studio della Streptochinasi 
nell’ Infarto Miocardico (GISSI) trial.? Patients were 
also exclude: if they lived in a foreign country or far 
away from the admitting hospital for adequate follow- 
up (adminis--ative reasons). 

Treatment: Patients were randomized to receive el- 
ther 1 millioa U of urokinase (intravenous bolus), re- 
peated after 50 minutes, plus 10,000 IU of intravenous 
heparin, or 0,000 IU of intravenous heparin alone. 


Subsequently, a heparin infusion was begun in both 
treatment groups at a rate of 1,000 [U/hour and con- 
tinued for 48 hours. After approximately 10 hours, the 
dose was adjusted to maintain the thrombin or partial 
thromboplastin time at 2 to 3 times control. After the 
second day of therapy, physicians were free to use oral 
anticoagulant drugs, or aspirin, or subcutaneous calci- 
um heparin. 

A 12-lead electrocardiogram was recorded before 
and 4, 24 and 48 hours after treatment. Blood samples 
for cardiac enzymes determination were obtained every 
4 hours for the first 48 hours. 

Discharge: At discharge, a prerandomization elec- 
trocardiogram and a simple single-side form were re- 
turned to the trial office. This “discharge form” provid- 
ed further identifiers to assist central mortality follow- 
up after discharge, as well as brief details of compliance 
with study treatments in the hospital, any apparent ad- 
verse effect of treatment, and major events in the hospi- 
tal (bleeding, recurrent myocardial ischaemia, reinfarc- 
tion, cardiac arrest, heart failure, arrythmias, stroke 
and death). All deaths were reviewed without knowl- 
edge of treatment allocation by the trial coordinator. 
Causes of death were subdivided into cardiac (i.e., de- 
finitively or possibly cardiac) and noncardiac. This lat- 
ter includes all deaths attributed to cerebral, hemor- 
rhagic and other vascular causes. For all reports of 
stroke on the discharge forms, further clinical and 
investigational details (including computerized tomo- 
graphic scans) were requested. 

Statistical analysis: Where appropriate, the statisti- 
cal significance of differences was assessed with the chi- 
square test. Results are also presented in terms of rela- 


Recruitment rate in 89 CCUs 
(Apr. 1986- Sept. 1988) 





FIGURE 1. Recruitment rate in par- 
clinical centers. Letters 

are the initials of months. CCUs = 

coronary care units. 
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ative risk and Cornfield’s ARAO method i fot 
confi denice intervals. 
aot Operational aspects: All data were collected on 
. Standardized forms which were first reviewed by the 
"review committee and then processed, edited and ana- 
lyzed in the Biomedical Research Institute A. Marxer 


pA. (Ivrea, Italy). 





















confid dential interim results. All deaths, nonfatal 
diac events, bleeding complications and other possi- 
ble adverse effects were reviewed and classified by the 
| trial coordinator. i 








RESULTS 
= Patients were randomized for. >30 months (April 
Æ 1986 to September 1988). Recruitment was steady, at 
a rate of about 80 patients per month (Figure 1). In all, 
7,598 patients were screened (Figure 2), of whom 
5,067 (66.7%) were not randomized. The reasons for 
exclusion as reported in the logs are shown in Figure 2 
-and their characteristics are summarized in Table I. Of 
the 2,531 patients entered into the study, 1,274 were 
assigned to the urokinase group and 1,257 to the hepa- 
rin group. Three hundred thirty patients (184 control 
subjects and 146 patients receiving urokinase) were 
Hee subsequently excluded from the analysis because myo- 
= cardial infarction was not confirmed (59 control sub- 
-~ jects, 47 patients receiving urokinase) or- discharge 
_ forms had not yet been obtained by January 1989. The 
baseline characteristics, collected at randomization, of 
“missing” patients (224 patients, 8.8% of the total, 101 
assigned to urokinase, 123 to heparin) closely corre- 
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ee 2531 (33.3%) 
_. FIGURE 2. Registry log 7 

-> of patients screened for 
o the trial. CCUs = coronary 
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The Review Committee regularly reviewed the oth- 


interrupted in 30 patients (11 control subjects and 19 
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Age (years) 
<70 58.7 
>70 41.3 
Deaths 15.2 































spond to those of the sample analyzed. Treatment. was 


taking urokinase). Causes of treatment interruption in- 
cluded low plasma fibrinogen (13 patients), sudden de- 
velopment of complicated ventricular fibrillation as 
patients) and severe hypotension (2 patients). | 

Table II lists the distribution of selected baseline 
characteristics. Overall, there was an excellent. balance 
between the 2 groups, except for sex, non-Q-wave in- 
farction and pulmonary edema. Throughout the first 16 _ 
days of the trial there was no major difference between _ 
the 2 groups with regard to ancillary therapy (Table 
IIT). ae 
Mortality: The results presented in this report refer 
to the in-hospital period only, which was 9 to 16 days — 
for >90% of patients and the same for the 2 groups, In- 
the first 16 days after randomization, 90 patients (8%) _ 
in the urokinase group and 89 (8.3%) in the heparin — 
group died. There was no significant difference in mor- 
tality rates between the 2 treatment groups. Mortality _ 
data are presented according to cause in Table IV. Ta- _ 
ble V lists the results for the entire population stratified _ 
by hours elapsed before randomization, age and site of- 
infarct. Of the 596 patients treated with urokinase — 





7598 


Not randomized — 






Exclusion oy 
{4 of non-randomized) — 





| aa Contreindication 
Mitai. 4 hr fibrin ie - 















l Group- Urokinase Group ` 
173) (n= 1, 128) 


No. of 


Pts. p Value 


p = 0.0168 


(%) 
(84,4) 

















a “Age (years) 


s40 42 (3.9) 58 (5.1) 
41-60 493 (45.9) 523 (46.4) 
61—80 507 (47.2) 526 (46.6) 
> 80 31 (2.9) 21 (1.9) 
Time from onsetiof 
symptoms ran- 
domizatios “hours) 
<] 154 (14.3) 144 = (12.8) 
1-2 384 (35.8) 452 (40.1) p= 0.042 
2-3 351 (32.7) 333 (29.5) 
3—4 178 (16.6) 192 (17.0) 
Systolic BP 931 (86.8) 985 (87.3) 
| > 105mm- 
Diastolic BP 805 (75.0) 835 (74.0) 
< 90 mm He 
Medical history 
Myocardial iefarction 155 (14.4) 148 (13.1) 
Effort angina 109 (17.7) 203 (18.0) 
Rest angina 202 (18.8) 189 (16,7) 
Unstable angaa 142 (13.2) 157 (13.9) 
nd Conditions at resdom- 
ization 
Arrhythmia 259 (24.1) 288 (25.5) 
Basilar moisteales 203 (18.9) 229 (20.3) 
Pulmonary edema 4 (0.4) 17 (1.5) p=0.012 
Shock 30 (2.8) 41 (3.6) 
Site and type oftfare- 
tion 
Anterior 439 (40.9) 496 (44.0) 
inferior 500 (46.6) 541 (48.0) 
Non-Q-wave 134 (12.5) 91 (8.0) p = 0.0008 





















BP = blood pressure. 


= within 2 houzs of the onset of symptoms, 45 (7%) died, 
<- compared wth 42 of 538 (7.8%) in the heparin group. 
The differerwe in mortality was not statistically signifi- 
cant. There was a trend toward a higher mortality rate 
“among contel subjects with anterior wall infarctions in 
“the heparin aroup, although the difference was not sig- 
nificant (relative risk = 0.73, confidence interval 0.48 
‘to 1.10; p =not significant [NS]). However, patients 
with inferior wall infarcts who took urokinase had a 
‘significantly worse outcome than patients taking hepa- 

in (5.8 vs £.2%; p = 0.04). 

: -Nonfatal sardiac events (Table VI): Overall, isch- 
mic events were comparable between the 2 groups. 
Reinfarctions in the hospital were reported to occur 
lightly (not significantly) more often among patients 
located to crokinase (3.6 vs 2.8%, p = NS). Conges- 






































heart fa lure > and | p aed oa sean? | 






Urokinase 
(n = 1,128) 


Control : l 
{n = 1,073) 



















Nitrates (%) 908 (84.72) 939 (83.33) 
Calcium antagonists (%) 529 (49.39) 540 (47.96) 
B blockers (%) ~ 99 (9.23) 109 (9.75) 
Antiarrhythmics (%) 340 (31.69) 408 (36.17) 
Digoxin (%) 153 (14.35) 144 (12.77) 
Diuretics (%) 287 (26.75). 255 (22.61) 
Platelets antiaggregants (%) 288 (26.84) 353 (31.38) 
Oral anticoagulants (%) 406 (37.93) 421 (37.32) 
17506.31) ~ 156 as. 83) 


Subcutaneous heparin (%) 





TABLE IV Overall Mortality and Causes of Death 


Urokinase Control © RR 
(n = 1,128) (n= 1, 073) (95% CI) 












Total 













“8. 13% les 





Mortality (%)} 7.97% 8.29%: 0.96 

Deaths/no. of | ve 
pts. 901,123 891,073 _ (0.70-1.31). 179/2,201 eo 

Causes of death | 7 a a eee 
Cardiac 85 85 | 170 
Noncardiac 4 2 6 


1 


confidence inteval, RR = 


2 


relative risk. 


Undefined 3 


Cl = 












(defined as a need for transfusion of >2 U of blood) 
(0.37 vs 0.44%, respectively, p = NS). 

Minor bleeding (e.g., localized hematoma, ooze 
from puncture sites, hematuria, epistaxis or hemopty- 
sis) were occurred more often in patients treated with 
urokinase than in control subjects (3.1 vs 1.3%, respec- 
tively, p = 0.07). a 

The overall stroke rate was very low (<0.5%) and ee 
comparable in the urokinase and heparin groups (0:35 
vs 0.19%, respectively, p = NS); no differences were ~ 
noted between the 2 treatments with regard to hemor- 
rhagic and ischemic strokes. No differences were seen. 
with respect to major postinfarction in-hospital rhythm 
disturbances (Table VIII). a 








DISCUSSION 
The major fi fi inding of this trial was that.no signifi- 
cant reduction in mortality. was. observed in. patients E 
with acute myocardial infarction treated with intrave- 
nous urokinase with anticoagulation therapy: compared : 
with patients treated with anticoagulation alone. Mor- 
tality was lower than expected in our heparin contre 
group, 8. 3% T R with 13 | in the GIS! 





UHER 








a ~~ Urokinase ee er pret | amare Ope. 
(ne 1; 128) {p= 1,073) pValue (95% chy 
















<2 7.05% 7.81% NS 0.96 7.76% 
(45/596) (42/538) (0.56-1.43) (88/1,134) 
>2 9.02% = 879% NS 1,03 © 8.90% 






























A (48/532) (47/535) NS - (0:66—-1.60) (95~1,067) 
Age (years) i oe 
© s70 5.90% 5.81% NS = Oh x 5.29% 
: — (54/916) (50/860) (0.67—1.54) (94/1,776) 
>70 16.98%: -18.31% NS 0.91 17.60% 
(36/212) = (39/213) | (0. 54-1. 55) (75/425) 
_ Site and type of AMi E O o ene l 
Anterior o o ICB 13.90% NS o 073 12.10% 
| (52/496) > (61/439) (0.48—1.10) (113/935). 
inferior | 5.81% 3.20% 0.04 1,87 4.61% z 
o - (32/541) (16/500) (0:99-3:67) (48/1, 041) | 
Non-Q-wave 6.59% ~~ B.96% © NS. 0756 E e: es 


(69D (12/134) o (0.23-2.16). (18/225) 
TAMI = acute myocardial infarction; Cl = confidence interval; NS = not significant; RR: = relative risk. EE S 





TABLE Vil Adverse In-Hospital Clinical Events 


~ Urokinase _ Control p 
(n= 1,128) (ñ = 1,073). Value Total 


ee 7 a 
(0.35%) (0.19%) (027%) = 





TABLE Vi Nonfatal Cardiac Events 


Urokinase Control p 
(n= 1,128) (n = 1,073) Value Total 


Nonfatal 3.60% 2.80% : 
reinfarction (41) (30) (71) 
































Stroke (no. of pts.) 



























































Recurrent 14.00% 15.40% NS 14.70% ischemic 1 A 
ischemia (158) (165) (323) Hemorrhagic De 1 
Overall ischemic 17.60% 18.20% NS 17.80% Undefined 1 mtemi 
events (199) (195) (394) Total bleeding (no. of 40 18 0.05 58 
Other cardiac pts.) (3.55%) (1.67%) (2.63%) 
ee events Major § onos A NS 
JO o Congestive heat (0.44%) (0.37%) 
eee EG failure 5.76% 9.88% 0.0004 Minor 35 14 0.07 
of Pericarditis | < 4,88% 7.55% 0:0012 (3.10%) (1.30%) 
Co | eos terete i 





temic thromboembo- (0. 80%) < (0.65%) 
lismn: (no. of pts.) t 







_ the control patients is low. The reasons for this finding 
f are unclear. The selection of patients may have had 
- some role, although the protocol did not exclude high- 
-risk patients (e.g., those in cardiogenic shock) and el- 

<- derly patients. At the time of randomization, pulmo- 
= nary edema was more frequent in the urokinase group 

















 Urokinase Control’ = p 
(n= 1,128) (n = 1,073) Value. Total 


33 7 NS 55 
















Ventricular fibrillation 







: RENE ra ene BCL raed | (2.90%) (2.05%) (2.50%) 
-= than in the heparin group, although the number of pa- | Sustaineavr ma 8a O NS l8 
> tients with such a complication was low in both groups. | 5 (6.60%) (7.80%) > O: 20%) 
- However, this does not completely explain the lack of ae el ee cas Na AR 







sal 80%). 2 60%) 
NS = not santane VT = ventricular tachycardia | 





difference in mortality rate between the 2 treatment 
ae - groups since several anedoctal reports suggest that early 
<- -reperfusion in such patients occasionally may exert a | oe oa z 
` salutary effect.?! Finally, early treatment with intrave- _ tive and randomized studies are needed with this fe 

_ nous heparin may have affected the outcome. The role gard. 
of early intravenous heparin as monotherapy in acute A second major finding of this trial was the sign 
peccardiat in infarction has not been established. oe cant reduction of heart t failure and P 























er ‘reperfus cardial salvage. 

Finally the 2 treatments appeared to be con safe 
_ in terms of major bleeding and overall incidence of 

- stroke. 

Subgroup analysis: Mortality tended to be lower 

among patiznts with anterior infarctions who received 
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~ that urokinase reduced mortality in anterior infarction 
by about 27%, although the difference did not reach 
statistical senificance. These findings are comparable 
_ with those cbtained in other larger trials (GISSI I? and 
- ISIS-2!!). 

Currently, we can offer no explanation for the ap- 
parent harrfulness of urokinase in the subset of pa- 
tients with mferior wall infarcts. However, it should be 
emphasized -hat reliable identifications of subgroups of 
patients among whom treatment is particularly advan- 
tageous (or among whom it is ineffective or even harm- 
ful) is unlikely in a relative small sample-sized trial as 
this.!! A tread toward a higher mortality in particular 
subgroups tzzated with thrombolysis has been observed 
also in large: trials, such as GISSP (e.g., patients with 
lateral infancts or ST depression). On the other hand, 
one must ccasider that, when corrected for infarct size, 
the extent o” left ventricular dysfunction caused by infe- 
rior wall infarction is about half of that produced by 
anterior well infarction,*! and the prognosis for 
both short- znd long-term survival is usually excellent. 
Therefore, ~ae potential risks of thrombolytic therapy 
> (including reperfusion injury) probably outweigh the 
~ benefits in patients with a small inferior wall infarct. 
O Study finaitations: Several potential limitations of 

this study ould be acknowledged. First, the lack of 
benefit of wrokinase therapy shown in the study re- 
quires cautious interpretation due to the inadequacy of 
sample size. In fact, although this trial is certainly a 
= large scale tzial, it might not be large enough to detect 
mortality reduction, especially with the lower than an- 
ticipated cartrol group mortality. Moreover, the rela- 
-tively large cumber of patients excluded from the data 
analysis (pefients with unconfirmed infarction and pa- 
ats who <id not have a discharge form), although 
ally dist~ buted, might have further obscured possi- 
ble differences between treatment groups. 
Second, the admission to the study of patients with 
ST-segment depression at initial presentation may have 
affected the characteristics of the study population. In 
particular, the population with non-Q-wave infarction is 
small tc analyze separately, yet is large enough to 
ct from the main focus of the study. - 












‘urokinase. “.nalysis of the relative risk demonstrated 





may aa be emitte : 
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pani, C. Costantini, G. Pigini); Arienzo (V. Zucconelli, 
“A. lervoglini, L. Piscitelli); Asti (CA. Caratti, G. Zola, 
__ A. Zanelli), Bari “Policlinico” (L. Colonna, C. D’Agos- 
- tino, F. Bovenzi); Benevento (S. Lombardi, T. Messore, 
V. Moscato); Bologna “S. Orsola” (T. Lenzi, G. Triso- 
- lino, M. Cavazza); Borgosesia (M. Gronda, I. Contraf- 
-x fatto, R. Negro); Breno (G. Straneo, F. Glisenti); Cal- 
i tagirone (G. Centamore, R. Di Caro, D. Malfitano); 
<- Camposampietro (M. Camponeschi, D. Corrado, A. 
-= Pantaleoni); Casarano (G. Pettinati, S. Monsellato, M. 
I ya); Castrovillari (L. Vigna, G. Musca, C. Calvelli) 
C se (G. Piazza, V. Moser, F. Barretta); | 
Marolda, ; A. a Civitanove 
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lione, F. Docimo, M. Elia); Cuneo (C. Br | 
sola, N, De Benedictis); Domodossola (G 
D’Aulerio, G. Sauro); Firenze “S. Giovanni di Dic 
Zarbo, P. Innocente, G. Calcullo); Firenze “Careg 
(PF. Fazzini, GM. Santoro); Fivizzano (LA De Gior 
gio, G. Pellegrini, PC. Rossi); Foligno (L. Tini Brunoz 
P. Paolucci, L. Meniconi); Fossombrone (G. Possan 
zini); Frascati (G. Giorgi, G. Pajes, L. Pandolfo); Gala 
tina (R. Piazzalunga, R. Renna, G. Sticchi); Grosseto. 
“Mise-ricordia” (N. Svetoni, A. Cresti, T. Lanzetta); Le 
Spezia (G. Ragazzini, D. Bernabo’, S. Battistini); Leg 
nano (F. Passoni, F. Cafiero, M. D’Urbano): Livorno 
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no (G. Salvato, M. Innerhofer, V. Pascarella): Messina 
“Piemonte” (G. Casella, F. Freni, U. Bitto); Messina 
“Policlinico” (F. Consolo, F. Arrigo, G. Oreto); Modica. 
(G. Polara); Monfalcone (M. Palmieri, MT. Della Mea, 
P. Moratti), Montebelluna (R. Sandri, GF. Neri, R. 
Zampogna), Napoli “Cardarelli” (A. Cuomo, C. Cu- 
tino, O. Silvestri); Napoli “Vecchio Pellegrini” (A. Var- 
riale, A. Liguori, N. Di Ieso); Napoli “Ascalesi” (R. 
Santamaria, G. Granato Corigliano, A. Ruta); Nicosia — 
(G. Bonarrigo, M. Fisicaro, C. Cacia); Nola (F. Napoli- 
tano, U. Pollice, G. Di Lorenzo), Ozieri (M. Sechi, C. 
D'Elia); Palermo “Civico” (V. Siragusa, A. Carrubba, 
L. Lo Presti); Perugia (P. Solinas, G. Bardelli}: Piedi- 
monte Matese (A. Cioffi, F. Vitale, G. Di Tommaso); 
Potenza (A. Rizzo, G. Paterno’), Reggio Calabria o 
“Morelli” (E. Adornato, P. Monea); Rieti (A. De Sanc- 
tis, A. Mene’); Rivoli (C. Corradi, G. Barazia, G. Fran- 
co Loiri); Roma “S. Filippo Neri” (G. Altamura, S. 
Toscano, F. Lo Bianco); Roma “S. Giacomo” (V. 
D’Aiutolo, MS. Mennini, A. D’Egidio); Roma “S. Pie- x 
tro” (F. Ferri, S. Capurso, PL. Delle Grotti); Roma 
“Umberto I” (MC. Borgia, A. Pasquale, C. De Marti- 
nis); Salerno “Da Procida” (U. Bugatti, A. Gigantino, _ 
G. Monaca); Saluzzo (G. Mauro, P. Allemano, G 
o San Benedetto del T. ronto (B. Floris, M. Per- 
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i Patients awergoing: peripheral vascular surgery 
are at increased risk of postoperative cardiac 
complications. To evaluate the role of dipyrida- 
mole echocardiography in predicting major car- 
diac events, 109 unselected patients undergoing 
elective peripheral vascular surgery were pro- 
spectively studied. Preoperative dipyridamole 
echocardiograms were interpreted by an echo- 
cardiographer unaware of all clinical data. Pa- 
tients were followed up until hospital discharge 
by research physicians without knowledge of di- 
pyridamole echocardiography results. Outcomes 
_ were classified using strict predefined criteria by 
reviewers unaware of other clinical and echocar- 
diographic data. Of the 109 patients, 9 (8%) had 
positive studies defined as development of new 
regional wall motion abnormalities or worsening 
of preexistent wall motion abnormalities. Of 
-these 9 patients, 7 had postoperative events, in- 
cluding 3 cardiac deaths, 1 nonfatal myocardial 
infarction, 2 with unstable angina, and 1 with 
pulmonary edema. Only 1 event occurred among 
the 100 patients with negative studies. The sen- 
sitivity and specificity of dipyridamole echocardi- 
. ography for predicting cardiac events after vas- 
-cular surgery were 88 and 98%, respectively; 
the positive and negative predictive values were 
78 and 99%. The relative risk of having a cardi- 
ac event if dipyridamole echocardiography was 
abnormal was 78 (95% confidence interval, 11 
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to 564; p <0.0001). if joss results are exte 
ed and confirmed by other investigators, preop 
erative dipyridamole echocardiography may be 
an important screening test for patients under- 
going elective peripheral vascular surgery. 
are at increased risk for postoperative complica- 


(Am J Cardiol 1991 68:593-597) 
P=: l-4 Preoperative assessment of cardiovascu 


lar risk is difficult in these patients because of the hig 
frequency of conditions that preclude conventional -€x 
ercise testing. Specialized preoperative tests such as 
dipyridamole thallium scintigraphy? and ambula- 
tory electrocardiographic monitoring %7 have been high- 
ly sensitive in predicting perioperative cardiac events. 
However, because of the relatively low specificity and 
positive predictive value of these tests, a significant — 
number of patients may have positive test results and 
not have a postoperative event. Such patients may be | 
referred for unnecessary invasive testing and revascu- _ 
larization procedures, which may carry high risks be- | 
cause of coexistent vascular and renal disease. In a pop- 
ulation with a relatively low predicted event rate, a = 
screening test should have, in addition to high sensitiv- = 
ity, sufficient specificity and positive predictive value to 
minimize the number of false-positive studies. Dipyrid- 
amole echocardiography has been reported to be a” 
highly specific test for detecting coronary artery dis- 
ease.°-'3 The aim of this study was to test the hypothe- 

sis that dipyridamole echocardiography, by virtue of its 
high specificity for coronary artery disease, is an inde- 
pendent predictor of perioperative cardiac events in pa- n 
tients undergoing noncardiac vascular surgery. 




















atients undergoing peripheral vascular surgery 





METHODS ra 
Patient population: One hundred thirty-one patient 

scheduled to have vascular operations. = excluding tho- 

racic venous and em ré a dures - — ~ from 


Women's S 's Hospital, Harvard. Medical School, Bae wee 





sia No Event 










61/40 NS 
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l 35 (32%) NS 

: Femoral 4 42 (39%) NS 

< Carotid 1 10 (9%) NS 

Other 2 14 (13%) NS 

-B blocker 3 31 (28%) NS 

_ Calcium antagoast 3 29 (27%) NS 

- Past smoking 2 49 (45%) NS 

“| Present smoking 4 37 (34%) NS 

“| Systemic hypertension 6 64 (59%) NS 
“| Diabetes mellitus 5 27 (25%) <0.05 

i Angina pectoris 2 12 (11%) NS 

Congestive heart failure 0 16 (15%) NS 

History of myocasdial infarction 5 32 (29%) NS 

History of CABC ər PTCA 2 16 (15%) NS 

Rales 1 8 (7%) NS 

S3 gallop 0 2 (2%) NS 

Abnormal ECG 7 67 (62%) NS 

Q wave on ECG 4 70 (64%) NS 





Except for age, af variables expressed as absolute number (percent of total). 

CABG = coroner artery bypass graft; ECG = electracardiogram; NS = not 
significant; PTCA = Dercutaneous transluminal coronary angioplasty; SD = standard 
deviation. 























mole was nct available at the time of the scheduled 
operation. The protocol excluded patients with angina 
at rest (n = Z+, myocardial infarction within 2 weeks of 
screening and failure to give informed consent (n = 5). 
The remainirg 109 patients comprised the study group. 
Each patient kad a detailed history and physical exami- 
nation by research physicians. Each patient was inde- 
pendently eva.uated preoperatively by a staff cardiolo- 
gist who judged the surgical risk to be acceptable. Caf- 
feine and thezphylline preparations were withheld for a 

„minimum of 34 hours before testing. 

Dipyridaresle echocardiograms: All patients had 
baseline 2-danensional echocardiograms immediately 
after peripheral angiography. Dipyridamole was in- 

~~ fused intravesously through an antecubital catheter at 
> a rate of 0.14 mg/kg/min for 4 minutes with continu- 
ous blood pressure and electrocardiographic monitor- 
<- ing. Six minwes after the beginning of the infusion, a 
- repeat 2-dimensional echocardiogram was recorded. If 
“the patient rzmained asymptomatic and there was no 
evidence of ischemia, an additional 0.14 mg/kg/min of 
dipyridamole was infused for 2 minutes, bringing the 
total dose to &84 mg/kg. At this time, a third 2-dimen- 
sional echocardiogram was recorded. Two-dimensional 
echocardiograms were recorded with a Hewlett-Pack- 
rd 77020 A=/AR phased-array ultrasonoscope device 
si . 2.5-M{Hz. transducer: Images were obtained 
he para ternal short-axis, parasternal lo 
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AI hocail m 


E by a single echocardiographer | unaware of “the clin cal 
and electrocardiographic responses to dipyridamole and Ca 








all other clinical information. All echocardiograms were — ‘2 


then analyzed postoperatively by a second blinded — 


echocardiographer in order to examine interobserver 
variability. In keeping with current recommendations, '4 
each echocardiographer had previous experience inter- 


preting >100 stress echocardiographic studies. Systolic 


ventricular function was qualitatively graded as normal, 
mildly reduced, moderately reduced, or severely re- 
duced. The presence of left ventricular hypertrophy was 
assessed from the 2-dimensional echocardiogram using 
American Society of Echocardiography standards.!5 
Left ventricular segmental anatomy was identified us- 
ing standard nomenclature.! Segments were scored for 
qualitative segmental wall motion (0 = normal; 1 = hy- 
pokinesia; 2 = akinesia; 3 = dyskinesia). Studies were 
classified as positive based only on the development of 
(1) a new transient regional wall motion abnormality in 
a region normal at rest; or (2) marked worsening of a 
previous regional dyssynergy by either an increase in 
severity (hypokinesia to dyskinesia) or extension of a 
baseline abnormality to adjacent segments.!>17-1? The 
clinical and electrocardiographic response to dipyrida- 
mole was recorded but was not a factor in determining 
test positivity. Minor worsening of a previous regional 
dyssynergy (hypokinesia to akinesia or akinesia to dys- 
kinesia) or equivocal degrees of hypokinesia were not 
recorded. 

Postoperative follow-up: After surgery, patients 
were followed until hospital discharge by research phy- 
sicians unaware of echocardiographic results. Patients 
underwent 12-lead electrocardiography before their op- 
erations and on postoperative days | through 3. Serum 
creatine kinase levels were measured with MB fraction- 
ation?° every 8 to 12 hours on postoperative days | and 
2. Classification of postoperative events was performed 
using strict predefined criteria by an independent physi- 
cian unaware of other clinical and echocardiographic 
data. Cardiac events were defined as: death from cardi- 
ac causes; nonfatal myocardial infarction (new Q waves 
>0.03 second, or creatine kinase >2.7 umol/s/liter 
with MB >5%); unstable angina (characteristic chest 
pain and =! mm of ST-segment depression in 22 


leads); or pulmonary edema confirmed by chest radio- 
graphic findings. For unstable angina and pulmonary- 
edema, management in an intensive care unit or- ra 









change in medication was aS required. 
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1° | Postoperative Events 







Positive Negative 
(n= 9, 8%) (n = 100, 92%) pValue 


1226 1348 










Mean increase in heart rate 
(beats/min) 


Mean decrease in systolic blood 17 + 7 17 +9 NS 
| pressure (mm Hg) ; 
_| Chest pain 3 3 (3.0%) 0.05 
_ ST depression = 6 3 (3.0%) <0.01 
eee administered 9/9 + 12/100 NS 


d Chest. pain ‘and ST depression oe as ‘absolute number (% of column). 
ONS = not TAES ; | 


? square test with appropriate das of meali for cat- 
~~ egoric variables and the Student’s ¢ test for continuous 
variables. The clinical variables considered are listed in 
Table I. Variables from dipyridamole echocardiogra- 
phy included the presence of systolic left ventricular 
dysfunction, baseline regional wall motion abnormali- 
ties, development of chest pain, or 21 mm of ST de- 
: pressions after dipyridamole infusion, and the parame- 
ter of interest, inducible regional wall motion abnor- 
malities. The relative risk of an event was assessed for 
patients with or without positive results on dipyrida- 
mole echocardiograms and compared by chi-square sta- 
tistic (all p values are 2-tailed). A kappa statistic was 
calculated to assess the statistical significance of inter- 
hae agreement. 








us RESULTS 
Patient characteristics (Table I): Patients were aged 
a 67.6 + 8.9 years (mean + standard deviation) and 66 
(61%) were men. Ninety-two patients (84%) reported 
past or current cigarette use, 32 (29%). were diabetic, 
and 70 (64%) had a history of hypertension. Thirty- 
seven patients (34%) had a history of myocardial in- 
farction and 18 (17%) had had percutaneous translu- 
minal coronary angioplasty or coronary artery bypass 
surgery. Thirty-four patients (31%) were taking a 6 
blocker and 32 (29%) were taking a calcium antago- 
nist at the time of operation. There were 36 (33%) ab- 

_dominal aortic procedures, 46 (42%) femoral artery 
=- procedures, 11 (10%) carotid endarterectomies. and 16 
(15%) other vascular procedures. 

Dipyr vocardiograms: Adequate acoustic 
ee windows were obtained in a all patients. Interobserver re- 
> producibility for interpretation of dipyridamole echo- 
=> eardiograms was excellent, with agreement as to the 
: __ presence or absence of significant new regional wall 
motion abnormalities in 108 of 109 studies (99%; kap- 
-= pa statistic = 0.94). The only disagreement occurred on 





























gina, and | case of pulmonary edema. Of the clinica 


! TABLE M Dipytidarioe Echoca 













. Evert 
Occurred No Event 
(n= 8) (n= 101,93%) p 


55 (54.5%) >. 
19 (18.8%) NS 
36 (35.6%) <0.05. 


ECG Variables 













Left ventricular hypertrophy 
Left ventricular dysfunction 3 
Resting regional wall motion 6 













abnormality ae 
inducible regional wall motion 7 2 (2.0% <0.000L- 
abnormality 
Dipyridamole responses 2 
Chest pain 2 4 (4.0%) s0,.05 
ST depression 3 9 (8.9%) 


80,01 









O A variables. expressed as absolute number {% of column). 
“ECG = SACS DG, NS = not significant. 


© Regional wall motion abnormalities were evident on 
the baseline 2-dimensional examination of 42 patients, 
6 of whom had cardiac: events (p <0.05). Baseline left. 
ventricular systolic function was normal in 87 patients, 
mildly reduced in 8, moderately reduced in 7 and se- 
verely reduced in 14. Of the 8 patients with postopera- 
tive cardiac events, 5 had normal systolic function and — 
| had mild and 2 had moderately reduced function 
(p = not significant). 

Dipyridamole echocardiography was abnormal i in 9 
patients, in each case only after the second dosing inter- _ 
val. Six patients (5.5%) complained of chest pain dur- _ 
ing dipyridamole infusion, 3 of whom had dipyrida- - 
mole-induced’ wall motion abnormalities (Table ID, — 
Nine patients (8.3%) had ST depressions of 21 mmin _ 
| or more leads during dipyridamole infusion; 6 of- 
these patients had dipyridamole-induced wall motion _ 
abnormalities, Patients experienced an average increase 
in heart rate of 13 + 8 beats/min and an average de- ~ 
crease in systolic blood pressure of 17 + 9 mm Hg. 
(Table I). Twenty-one patients received intravenous 
aminophylline, 12 because of noncardiac side effects . 
and 9 because of evidence of myocardial ischemia. ; 

Postoperative cardiac events: Postoperative events: 
occurred in 8 patients, Seven of 8 cardiac events oc- — 
curred within 48 hours-of surgery; 1 event occurred 77. 
hours after. surgery. There were 3 cardiac deaths, 1 
nonfatal myocardial infarction, 3 cases of unstable an- 


































variables examined (Table I), only diabetes had a sta- 
tistically significant association with the occurrence of 
postoperative cardiac events (p <0.05) although, be 
cause some of these variables were infrequent and th 
total number of events was small, this study lacked su 
ficient power to pies associations that might sate : 





a study | that was interpreted as negative by the primary -postoperativ 




















































p PO aa at rest (p <0. 05) (Table 
I ). 4 : he premice of echocardiographic evidence of left 
F epertrophy or global left ventricular dys- 
‘function did aot correlate with the occurrence of post- 
operative caiac events. 
<- Of the Ẹ patients who had positive dipyridamole 
: eoad oan, 7 (78%) had postoperative events, 
compared wit | of the 100 patients with negative test 
results (relat-re risk, 78; 95% confidence interval, 11 to 
564). The sigle patient with a negative dipyridamole 
-echocardiogram who developed unstable angina during 
s the postoperæive period was receiving atenolol at the 
time of the sudy and had a baseline echocardiogram 
> that revealec left ventricular dysfunction and multiple 
~~ regional wall motion abnormalities at rest, making clas- 
sification of me test difficult with criteria used in this 
study. The 2 patients with positive dipyridamole echo- 
cardiograms who did not have cardiac events had both 
prior myocardial infarctions and left ventricular dys- 
function. 











DISCUSSIGN 
Noninvas.*e risk stratification of patients preparing 

to undergo noncardiac vascular surgery remains one of 
the most chefenging problems facing cardiologists be- 
cause of the agh prevalence of concurrent coronary ar- 
tery disease.! Several methods for estimating periopera- 
tive risk have been reported, many of which have been 
used in study:ng patients referred for testing, perhaps 
because of a suspected high risk for cardiac events,2!-23 
Recently, Reby et al.* reported the high negative pre- 
dictive value 99%) of preoperative ambulatory moni- 
toring of isckemia in 176 patients who were not prese- 
-= lected because of a high likelihood of coronary artery 
disease or bezause they were referred for testing. How- 
ever, the pos tive predictive value of ambulatory moni- 
toring of ischemia for predicting major cardiac events 
¿© was only 38%. In a study of 200 patients referred for 
x dipyridamole :hallium scintigraphy before vascular sur- 
gery, Eagle et al? reported a positive predictive value of 
30% when thallium variables alone were used; this in- 
“creased to 43% when clinical variables were included. 
Because of the low positive ipaq value, it is possi- 


(88%) and 4 specific (98%), Seral other test st variables a 


were also found to have statistically significant correla- 


tions with the occurrence of postoperative cardiac 
events, including baseline regional wall motion abnor- 
malities (p <0.05), development of ST depressions dur- 
ing dipyridamole infusion (p <0.01), and development 
of chest pain during dipyridamole infusion (p <0.05); 
however, the positive predictive values of these variables 
for predicting major cardiac events were 14, 33, and 
33%, respectively. Of the clinical variables included in 
the analysis, only diabetes had a correlation with occur- 
rence of postoperative cardiac events. 

There are limited data available directly comparing 
ambulatory monitoring of ischemia with other tests of 
perioperative risk. In a pilot study conducted at this 
institution, 42 patients underwent both dipyridamole 
echocardiography and ambulatory monitoring of isch- 
emia before elective peripheral vascular surgery.*4 
Twenty-four of these 42 patients were also enrolled in a 
separate study investigating the incidence and signifi- 
cance of preoperative, intraoperative and postoperative 
electrocardiographic myocardial ischemia (Raby et al, 
unpublished observations). The results of these prelimi- 
nary studies suggest that dipyridamole echocardiogra- 
phy may have a higher positive predictive value for pre- 
dicting major cardiac events than ambulatory monitor- 
ing of ischemia; however, a study with a larger sample 
size is necessary to confirm this hypothesis. 

The positive predictive value with dipyridamole 
echocardiography of 78% is significantly higher than 
that reported for other currently available tests of in- 
ducible ischemia, such as dipyridamole thallium scintig- 
raphy? and ambulatory monitoring of ischemia.’ In ad- 
dition, the test can be performed in approximately 20 
minutes and does not require a prolonged interval for 
serial imaging as is the case with thallium scintigraphy. 
However, high-dose dipyridamole produces adverse ef- 
fects in a significant number of patients, whereas medi- 
cal complications of ambulatory monitoring of ischemia 
have not been reported (Table IH). If the results of the 
present study are confirmed by other investigators and 
the costs of the other various testing options are de- 


fined, it will then be possible to perform a more defini- — 





tive cost-benefit analysis to determine the optimal se- — 


quence of testing. 
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impairment of left ventricular function during 
controlled myocardial ischemia induced by coro- 
nary angio-dasty has been reported from angio- 
graphic and echocardiographic studies. Ejection 
fraction, peak ejection, peak filling rates, and 
end-systolic and end-diastolic volumes were in- 
- vestigated before, during and after coronary oc- 
clusion on-ine with a nonimaging scintillation 
- probe. The study consisted of 18 patients (mean 


2 age 59 + 19 years) with coronary artery stenosis 


of >70%. During balloon inflation of 60 seconds’ 
duration, coronary occlusion pressure was 

31.6 + 12 =m Hg. There was no significant 
change in heart rate. Delay between first and 
second dilakation was 109 + 63 seconds. Ejec- 
tion fraction decreased from 53 + 16 to 

40 + 12% "irst dilatation, p <0.01) and to 

39 + 14% ‘second dilatation, p <0.01) and re- 
covered to 51 + 16% 5 minutes after the second 
dilatation. Feak ejection rate was significantly 
reduced during the first and second balloon infla- 
tions. Peak filling rate decreased from 2.5 + 0.8 
to 2.0 + 0.7 end-diastolic volume - s~? (first dila- 

~ tation, p <@.01) and to 1.8 + 0.7 end-diastolic 
volume - s~* (second dilatation, p <0.01) and re- 


mained reduced at 2.2 + 0.7 end-diastolic vol- 


ume : s~! (p= not significant) at 5 minutes after 
the second dilatation. End-systolic and end-dia- 
stolic volumes increased significantly during the 
first and second dilatations and returned to nor- 
mal after datation. 

= R is concduded that short, controlled myocar- 
_ dial ischemia during coronary angioplasty leads 
< cto a decrease in systolic and diastolic left ventric- 
-ular functica. Sequential dilatations do not fur- 
ther decrease function if a sufficient interval is 
(Am J Cardiol 1991;68:598--602) 
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oronary angioplasty, besides being a well-es- 
tablished therapeutic tool in coronary artery 


disease, provides an attractive setting to study 
the effects of acute reversible coronary occlusion in hu- 
mans. Transient changes in left. ventricular (LV) func- 
tion during reversible myocardial ischemia have been — 
demonstrated angiographically’? and — echocardio- 
graphically.4-/ 

Radionuclide ventriculography has been used in the 
evaluation of acute and chronic therapeutic interven- 
tions and also during changes induced by coronary an- 
gioplasty in patients with coronary artery disease.*-!4 
However, standard radionuclide ventriculography has 
not been used in the evaluation of brief, transient 
changes in LV function because long data acquisition 
times are needed. Nonimaging scintillation detectors 
have been applied in interventional short-term data ac- 
quisition studies such as exercise testing, isometric 
handgrip, cold stress testing and atrial pacing.!3-!> 

We report on the evaluation of systolic and diastolic 
changes in LV function during reversible coronary isch- 
emia as monitored with a newly developed miniature 
cesium iodide detector. 


METHODS 3B 
Patients: Eighteen men (mean age + standard devi- 
ation 59 + 10 years) admitted for elective coronary an- 
gioplasty gave informed consent to undergo a radionu- 
clide study during the procedure. Criteria for inclusion 
in the study were a reduction of >70% in luminal di- 
ameter in 1 of the 3 major coronary arteries with indi- 
cation for coronary angioplasty, normal regional and 
global systolic LV function at biplane ventriculography, 
and the absence of angiographically visible collateral 
vessels. Coronary angioplasty was performed in the left 


anterior descending coronary artery in 6 patients, in the = 
right coronary artery in 6 patients, and in the circum- __ 
flex branch of the left coronary artery in 6 patients. ©. 


Coronary angioplasty: Coronary angioplasty was. oe 
pa eae SA the brachial or a P using fe 





~ 


electrocardiogram via the coronary angioplasty guide- 
wire was recorded as a highly sensitive means of detect- 
ing myocardial ischemia. Each balloon inflation lasted 
60 seconds using inflation pressures of 6 to 10 atm. 
Two inflations were performed on each patient, with 
electrocardiographic and clinical recovery occurring be- 
tween balloon inflations. 

Monitoring of left ventricular function: The non- 
imaging nuclear probe (Cardioscint®, Oakfield Instru- 
ments, Oxon, United Kingdom) is a device for measur- 
ing cardiac function by recording precordial radiation 
from the left ventricle after blood pool labeling with 
technetium-99m pertechnetate. The single cesium io- 
dide crystal scintillation detector is small enough to be 
attached to the patient’s chest and obtains high reso- 
lution background-subtracted time-activity curves by 
electrocardiographic gating.'3:'7.!8 Comprehensive vali- 
dation data have recently been published by Broadhurst 
et al.'!® Red cell labeling was performed with 555 to 
740 MBg of technetium-99m pertechnetate. The probe 
was positioned in a left anterior oblique projection by 
direct visualization similar to the left anterior position 
used for routine gamma camera interventions delivering 
best septal projection. The cavity of the left ventricle 
was identified using a gamma camera!® and the angu- 
lation of the detector producing the optimum time-ac- 
tivity curve was determined. The background region 
was defined inferolateral of the left ventricle. The posi- 
tion of the probe was marked on the chest wall to facili- 
tate repositioning. As the actual relation between detec- 
tor count rate and actual LV volume is never known 
precisely, there is an uncertainty of the probe in deter- 
mining absolute LV volume. However, the method is 
suitable for monitoring changes in LV volume and 
function during short-term studies. Equilibrium scintil- 
lation data gated to the electrocardiogram were ac- 
quired with acquisition intervals of 10 seconds. The cor- 
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tion; post PTCA = 5 minutes after the sec- 
ond balloon dilatation. 
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TABLE I Patient Characteristics 










Severity of Stenoses 
Occlusion 
No. of Age Pressure Before After 
y (mm Hg) Angioplasty (%) Angioplasty (%) 









59 + 10 84+9 








LAD 6 99% 5 33215 87210 23+ 18 
Right 6 57+12 30+7 84+9 17 +15 
LC 6 59+14 27+1 85+8 19+19 





LAD = left anterior descending coronary artery; LC = left circumflex coronary artery. 


relation coefficient between gamma camera and probe 
detector measurements was determined in 27 patients 
as 0.87 (y = 0.79x + 6.1) for ejection fraction, 0.85 
(y = 0.7x + 0.7) for peak ejection rate, 0.7 (y = 0.5x 
+ 0.9) for peak filling rate, 0.8 (y = 0.26x + 30.5) for 
end-systolic volume and 0.58 (y = 0.2x + 68) for end- 
diastolic volume indexes. Intra- and interobserver vari- 
ability for ejection fraction measurements with the cesi- 
um iodide detector was 0.91 and 0.92. 

Data analysis: Data are presented as mean + stan- 
dard deviation. Changes in ejection fraction, peak fill- 
ing rate, and end-systolic and end-diastolic volumes ob- 
tained by continuous recording were evaluated by anal- 
ysis of variance. The Wilcoxon signed rank test was 
then used to compare preintervention data with values 
obtained during the first and second balloon inflations 
and 5 minutes after coronary angioplasty. 

Correlation of gamma camera and cesium iodide 
probe measurements were analyzed by regression anal- 
ysis for ejection fraction, peak ejection rate, peak filling 
rate, and end-systolic and end-diastolic volumes. 


RESULTS 

Percutaneous transluminal coronary angioplasty: 
All patients underwent successful coronary angioplasty 
(Table I). Occlusion pressure was determined as 31 + 


++ p<0.01 
pre PTCA 


PTCA 1 


post PTCA 
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Left ventricular systolic parameters: Ejection frac- 
tion was 53 + 16% before coronary angioplasty. It de- 
creased significantly to 40 + 12 and 39 + 14% during 


TABLE II Parameters of Systolic and Diastolic Function During 
Coronary Angeplasty in All Patients 


Angioplasty HF EF ESV EDV PER PFR 


(en-1) (%) (EDV: s-!) (EDV: s-!) the first and second balloon inflations (p <0.01, Figure 4 
1, Table II). Five minutes after the second coronary 
Before 79 70 29 2.5 a 
+15 07" +09 +08 angioplasty, ejection fraction returned to preinterven- 
First dilation 30 75* 2.3% 2.0* tion values (51 + 15%). The index of end-systolic vol- 
+16 +26 +0.9 + 0.7 ume increased significantly, from 39 + 28 to 50 + 27 
Second 79 79% = 2.2* 1.8* and 53 + 26 (p <0.01) during inflations | and 2 and 


dilation +20 +25, +1 + 0.7 
74 2.7 22 
t26 +1 + 0.7 


returned to preintervention values 5 minutes after dila- 
tation (Figure 2, Table II). Peak ejection rate was sig- 
; nificantly reduced during the first and second balloon 
EDV = end-dicsolic volume; EF = ejection fraction; ESV = end-systolic volume; | inflations (from 2.9+0.9 to 2.3+0.9 and to 2.241 
HR = heart rate; "SR = peak ejection rate; PFR = peak filling rate. J : À : 
end-diastolic volumes + s~', p >0.01). Five minutes af- 
ter coronary angioplasty it had not returned to normal 
11 mm Hg The second dilatation was performed (2.7 + | end-diastolic volume +s! ). The difference of 
109 + 63 seconds after termination of the first balloon peak ejection rate before and after angioplasty was sta- 
inflation. Esch balloon inflation lasted 60 seconds.  tistically not significant (Table I). 
There were ao statistically significant changes in heart Left ventricular diastolic parameters: End-diastolic 
rate. volume increased significantly from 70 + 27 to 75 + 26 


EE Á 
SE — - 
- 





' 
| 


ve 





FIGURE 2. Effect of temporary 


coronary 
occlusion (60 seconds’ duration) on left 
s. ++ ventricular end-systolic (solid squares) 
and end-diastolic (open circles) volumes 
(mean + standard deviation). Abbrevia- 
tions as in Figure 1. 


enddiastolic and endsystolic 
volumes 


++ p<0.01 


pre PTCA PTCA 1 post PTCA =| 


ume; other abbreviations as in Figure 1. 
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during the first balloon inflation. During the second in- 
flation, end-diastolic volume was still significantly in- 
creased at 79 + 25 (p <0.01). Five minutes after coro- 
nary angioplasty, the index of LV end-diastolic volume 
was still increased without reaching statistical signifi- 
cance (Figure 2, Table II). Peak filling rate was signifi- 
cantly reduced during the first and second balloon in- 
flations (from 2.5 + 0.8 to 2.0 0.7 and to 1.8 +0.7 
end-diastolic volumes + s~', p <0.01) and was still re- 
duced 5 minutes after the last balloon inflation (Figure 
3, Table II). 

impairment of left ventricular function during cor- 
onary angioplasty depending on the treated vessel: 
Ejection fraction decreased during angioplasty in all 3 
major coronary vessels (Figure 4, Table III). In the left 
anterior descending coronary artery, ejection fraction 


decreased significantly from 57+ 19 to 35 +9% and 


35 + 10% (p <0.05) during the first and second bal- 
loon inflations and returned to 56 + 18% 5 minutes af- 
ter the second dilatation. Angioplasty of the circumflex 
branch led to a reduction in ejection fraction from 
48 + 17 to 39 + 16% and to 40 + 19% (p <0.05) dur- 
ing the first and second balloon inflations and returned 
to 49 + 17% 5 minutes after the second coronary occlu- 
sion. 

Dilatation of the right coronary artery reduced ejec- 
tion fraction from 54+ 14 to 47+ 8% and to 45+ 
9% (p <0.05) and was still reduced 5 minutes after the 
second balloon inflation. However, this effect was not 
statistically different from preintervention values. 


DISCUSSION 

Reversible changes in LV function during coronary 
angioplasty have been demonstrated by angiographic 
and echocardiographic methods.*° Although ST-seg- 
ment changes in the surface electrocardiogram have 
been the standard clinical marker for procedure-related 
ischemia, these changes generally occur after the onset 


FIGURE 4. Effect of 
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TABLE IIl Ejection Fraction (%) Before, During and After 
Coronary Angioplasty in Relation to the Treated Vessel 


LAD LC 


57 ż 19 48 + 17 
35 + 9* 39 + 16* 
Second dilation 35 + 10* 40 + 19* 45+ 9* 
After 56+ 18 49+17 46+ 12 


*p <0.05. 
Abbreviations as in Table | 


of contractile dysfunction and may not be evident in as 
many as 15% of patients who have impaired contractili- 
ty.'? Nonimaging nuclear probes have been developed 
that are capable of evaluating LV function in the gated 
and beat-to-beat modes.?° Further miniaturization of 
the probe now offers the chance of continuous LV func- 
tion monitoring during interventional procedures in the 
cardiac catheterization laboratory.'* 

In this study, changes in LV systolic and diastolic 
function and relative changes in end-systolic and end- 
diastolic volumes during coronary occlusion could be 
demonstrated. In the angiographic study of Carlson et 
al! a 60-second balloon inflation reduced ejection 
fraction from 68 to 49% compared with a reduction 
from 53 to 40% found in this study. They selected an 
interval of 5 minutes between 2 balloon inflations and 
found no further reduction in ejection fraction during 
the second balloon inflation. Even with a much shorter 
interval of 109 seconds used between 2 balloon infla- 
tions, no further reduction in ejection fraction was seen 
in this study. 

We found ejection fraction to be reduced more dur- 
ing occlusion of the left anterior descending coronary 
artery and the circumflex branch of the left coronary 
artery than during occlusion of the right coronary ar- 
tery. This is in line with findings by Kass et al! who 
found systolic dysfunction characterized by a rightward 
shift of the end-systolic pressure-volume relation great- 


Angioplasty 


Before 
First dilation 


Right 


54+ 14 
47 + 8* 





post PTCA 
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""Eind:systalic sdi E " 26% during the 
first balloon occlusion. This is comparable to the data 
-by Kass et al’ who found a 43% increase in end-systolic 
< volume on angiography during transient coronary oc- 
= clusion combined with inferior vena cava occlusion. 

© End-diastolic volume increased only by 7% during the 

first balloon occlusion. The study by Kass et al found 
little change in end-diastolic volume during temporary 
coronary ocelusion and reported an invasively deter- 
mined increase of 3%. 

Changes. in diastolic function have been reported 
during temperary coronary occlusion. Doppler-derived 
parameters revealed that early diastolic filling is com- 
promised anc late diastolic filling enhanced.4 Hemo- 
dynamic studies have shown a prolongation of the 
time constant of left ventricular pressure decay (—dP/ 
dtmax) and an elevation of the diastolic pressure-vol- 
ume relation?! during temporary coronary occlusion. 
With radionuclide angiography, as used in this study, a 
decrease in the peak filling rate of 21% during the first 
balloon inflation and of 29% during the second balloon 
inflation was observed, with recovery to predilatation 
values within 5 minutes after the second coronary oc- 
clusion. Whether impairment of diastolic function dur- 
ing temporary coronary occlusion is only due to 
changes in myocardial properties or also due to pericar- 
dial constraint has been a matter of debate.!-+! 

This study demonstrates the efficacy of a miniatur- 
ized nonimaging scintillation detector in evaluating LV 
systolic and diastolic function during sequential balloon 
inflations during coronary angioplasty. Transient isch- 
emia during coronary angioplasty leads to a decrease in 
systolic and diastolic LV function. Sequential dilata- 
tions do not further decrease function if a sufficient in- 
terval is kept. 
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aS aaa data are available defining the safety of 
amiodarone for short-term use or as part of 


- combination antiarrhythmic therapy in pediatric 

- patients. Results of amiodarone in 47 young pa- 
tients for an average treatment duration of 12 
months were examined. There were 21 male and 
26 female patients (age range of 23 weeks ges- 
tation to 29 years). Patients were divided into 4 
groups: group 1——electrocardiographic docu- 
mented ventricular tachycardia (n = 7); group 
. 2-——syncope of unknown cause (n = 16); group 
3—primary atrial tachycardia (n = 11); and 
group 4——supraventricular tachycardia (n = 13). 
Amiodarone was clinically useful in 32 (68°) 
patients. Amiodarone was considered effective 
as a sole antiarrhythmic agent in 21 (45%) pa- 

tients. Treatment was ineffective but was contin- 
ued in 11 (23%) patients; in 10 of these 11 pa- 
tients amiodarone was adjuvant to other antiar- 
-rhythmic drugs. Amiodarone was considered 

- ineffective and was withdrawn in 15 (32%) pa- 
tients. No patient required cardiac pacemaker 
implant during therapy. Torsades de pointes and 
cardiac arrest occurred in 1 patient each after 9 
and 14 days of therapy, respectively. Two pa- 


Y> tients underwent successful cardiac transplant 


after 2 and 14 months of amiodarone adminis- 
tration, respectively. Amiodarone was used as 
short-term treatment (<18 months) in 7 infants 
(age <18 months), and after cessation of treat- 
ment there was no recurrence of tachycardia for 
4 to 24 months. 

Results of this study confirm reports of suc- 
cessful amiodarone use in pediatric patients with 
a variety of rhythm disturbances. Results in the 
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gun on an oe 


t amiodarone is useful both as short-term _ 

en! and as adjuvant therapy with other 
antiarrhythmic drugs. ae 
(Am J Cardiol 1991;68:603-608) 


: pediatric patients evaluated i in this study indicate 








miodarone has been shown to be useful asa 
single antiarrhythmic drug in the management — 


of a variety of rhythm. disturbances in young — a 
subjects.!-5 However, concerns about adverse effects — 
that occur during long-term administration have limit- 3 
ed the acceptance of amiodarone for use in young pa- 
tients.°"8 Limited data are available defining the safety 
of amiodarone for short-term use or as part of combi- 
nation antiarrhythmic therapy. The purpose of this re- 
port was to investigate the use of amiodarone in pediat- 
ric patients, emphasizing short-term treatment and ad- | 
juvant therapy. ee 





METHODS 
Patients: Amiodarone was used in 47 patients at the 
Children’s Memorial Hospital, Chicago, Illinois, be- 
tween July 1986 and December 1990. Indications for 
amiodarone administration were largely based on the = 
judgment of the patient’s physician, with particular __ 
consideration given to type of rhythm disturbance, se- 
verity of associated symptoms, clinical condition of the 
patient and previous antiarrhythmic drug trials. a 
Patient management: All 47 patients underwent 
transvenous or transesophageal electrophysiologic study 
in order to characterize the known or suspected rhythm 
disturbance before initiation of amiodarone.?:!° Protocol 
for oral amiodarone administration consisted of a load- 
ing dose of 10 to 20 mg/kg/day for 7 to 10 days, fol- > 
lowed by a maintenance dose of 5 to 10 mg/kg/day. =o 
Early in the study, all patients were hospitalized for 1 
to 2 days during the loading period, and continuous 
electrocardiographic monitoring was performed, O 
ever, during the past year, amiodarone thera 

























Previous Amiodarone 
Pt. No. Heart Disease Age (yr) Symptoms Type of VT Drugs Duration (yr) Outcome 









l Myocarditis x 3 x 
| 2 WPW 1.2 Cardiac arrest Mono.t 3 0.7% IC* 
3 oc 1.4 CHF Incess, 2$ 1.3 Ic* 
| 4 0 9.3 Syncope Poly. 3 0.1 IW 
! 5 0 11 Cardiac arrest Poly, 0 2.4t CE 

6 DORV/AS 12 Palpitations Mono. 0 1.7% CE 

Presyncope 
! 7 TOF 16 Presyncope Mono. 2 1.5 CE 
Me, SORT osc preser Ý 
tPresently on am adarone. 


§Digoxin. 

AS = aortic stenesis; CE = considered effective; CHF = congestive heart failure; DORV = double outlet right ventricle; IC = ineffective, continued; Incess. = incessant; |W = 
ineffective, withdrawn; Mono. = ic; OC = oncocytic cardiomyopathy; ORT = orthodromic reciprocating tachycardia; Poly. = polymorphic; TOF = tetralogy of Fallot; VT = 
ventricular tachycardia; WPW = Wolff-Parkinson-White syndrome; O = no heart disease. 


TABLE ff Group Two, Syncope of Unknown Cause 


Previous Amiodarone 


Pt. No. Heart Disease Duration (yr) Outcome 


Age (yr) 


0 i Poly. VT,* CVE 
Neonatal MI Mono. VT,* CVE 
o A Poly. VT,* CVE 
0 Poly. VT* 
DC Poly. VT,* CVE 
Poly. VT* 
Poly. VT,* CVE, AF 
Poly. VT* 
Poly. VT* 


Arrhythmia Drugs 


++ 


womonwnount Wh me 


0 
Poly. VT* 


——y 


Poly, VT,* CVE 
o AET 
0 Poly. VT,* CVE 
Poly. VT,* CVE, AVB 


d-TGA, VSD, PS 


*Pacing induced. 
tPresently on amodarone. 
tDigoxin. 

Additional therapy- 


AET = automatic 2ctopic atrial tachycardia; AF = atrial flutter/fibriliation; AVB = atrioventricular block; CE = considered effective; CVE = complex ventricular ec 
t arteries; IW = ineffective, withdrawn; MI = myocardial infarction; Mono. = monomorphic; Poly. = polymorphic; 
= ventricular tachycardia; O = no heart disease. 


cardiomyopathy; d-"GA = transposition of 
stenosis; VSD = vertdcular septal defect; 


maintenance dose and for the first 6 months after dis- 
continuation cf therapy, symptoms were carefully mon- 
itored; ambuletory electrocardiographic monitoring was 
obtained every 3 or 6 months, as judged necessary by 
the patient’s physician. Serum concentration of amio- 
darone and desethylamiodarone, and thyroid and liver 
function were assessed twice annually during treatment. 

Assessing outcome: Amiodarone was considered in- 
effective and was withdrawn if there was a worsening 
or no improvement of symptoms, or a proarrhythmic 
action. Amiocarone was considered ineffective but its 
administratior was continued when there was an evi- 
dent lessening of symptoms and a subjective impression 
of improvemeat of tachycardia-free intervals in patients 
with non-—life-threatening arrhythmias. Finally, amio- 
darone was considered effective when there was aboli- 
tion of symptems and arrhythmia during follow-up. At 
the discretion of the patient’s cardiologist, amiodarone 


0 
0 
0 
0 
0 Poly. VT* 
0 
0 
0 


OO NOGCFLOC ONO Cons = 


++ 


; DC = dilated 
= pulmonary 





was discontinued in most patients after an arrhythmia- 
free period (usually 8 to 10 months, but as short as 2 
months). 

Patient groups: The patients were divided into 4 
groups: patients with electrocardiographic documented 
ventricular tachycardia (group 1); patients with synco- 
pe of unknown cause (group 2); patients with primary 
atrial tachycardia and history of cardiac surgery (group 
3); and patients with supraventricular tachycardia who 
had no surgery (group 4). 

Group 1 (documented ventricular tachycardia): Ad- 
ministration of amiodarone was begun in 7 patients 
(age range 1.1 to 16 years) (Table I). Sustained parox- 
ysmal monomorphic ventricular tachycardia was docu- 
mented in 3 patients; a previous history of cardiac ar- 
rest and associated Wolff-Parkinson-White syndrome 
was present in | of these patients. Incessant ventricular 
tachycardia was present in 2 patients and polymorphic 
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I-TGA 






1 0. 
2 TAPVC, CAVC 1.2 Palpitations 
3 DORV 5.3 Palpitations 
4 d-TGA Ta - Palpitations 
5 VSD 75 Palpitations, CHF 
6 d-TGA, VSD 10 Palpitations 
7 TOF 21 Palpitations 
8 d-TGA 21 Palpitations 
age, TOF,ASD 23 Palpitations 
.| ro. | DORV 25 Palpitations 
OR oe TOF © 29 Palpitations 





a Digoxin, 
+o *Presantly on amiodarone. 
-` Sustained., 


Porn venous connection; other abomvetore asin Tables l I and H. 


| Heart 
Disease 





Pt. No. Symptoms 


1 Hydrops 
2 0 0.1 None 

3 Scimitar 0.1 CHF 

4 0 0.1 CHF 

5 0 0.2 CHF 

6 0 0.4 CHF 

7 0 0.5 CHF 

8 0 3.1 CHF 

9 0 5.8 CHF 
10 O 7.7 Palpitations 
il Q 9.5 CHF 
12): 0 10 Palpitations 
13 0 10 CHF 








; Eii t goxin.. : 
ett tAdditional therapy. 
~ $Presently on amiodarone: 


ventricular tachycardia was present in 2 patients, | of 
_whom had cardiac arrest. Associated. near disease was 
present in 4 patients. 
«Group 2 (syncope of unknown comes) Sixteen pa- 
-< tients had 23 syncope episodes of unknown cause. Age 
at onset of amiodarone therapy ranged from 3 to 20 
= years (Table II). No patient had electrocardiographic 
: ` documentation during syncope, but complex ventricular 
= ectopy was present in 8 patients, 3 of whom had other 
=- associated heart disease. In the remaining 13 patients, 
the heart was ostensibly normal. Most patients had 








polymorphic ventricular tachycardia induced during 


=> ventricular stimulation with 3 or 4 extrastimull. 
_... Group 3 (postoperative primary atrial tachycardia): 

Eleven patients had primary atrial tachycardia 0.1 to 
-15 years (mean 5.1) after heart surgery. Age at onset 
of pbs aco nian p from 0. 7 to 29 yan 


ASD = atrial septal defect; CAVC: = complete atrioventricular. canal; -TGA = corrected transposition of great arteries with Ebstein s ‘malformation; TAPVC = total BLOT 


TABLE IV Group Four, Supraventricular Tachycardia, Nonoperated 





ART = antidromic: reciprocating. tachycardia; AT = atrial tachycardia: Hydrops = hydrops fetalis; [ART = 
| PIRT = permanent form of junctional reciprocating tachycardia; Scimitar = scimitar syndrome; other abbreviations as.in Tables | and it. 


stituted after having no success with digoxin and 2 ad- 















250 or 
2104 1* 0.2 IW 
2104 1* 0.2 Iw 
160¢ 5» 0.2 Iw 
1704 1* 0.2 © iw 
300 1* olt CE 
2604 2 LIO iw 
420 6 1.8t CE 
3204 2 Let IC 
320 3* 















` Amiodarone 
Duration (yr) 





Previous 
Drugs 





Outcome i 





Arrhythmia 
ORT 








Chaotic AT aoe. “ ; 

ORT, ART 2* 1:4 Ct 
ORT, AF i* 0.2% CE 
ORT 2* 0.8 Ct 
AET Q* 0.8 CE 
PJRT a 0.5 iCt 
PIRT 3* 1-6} CE 
AET i? 0.2 ict 
iART 2* 1.24 iCt 
AET 1 2.0 ICF 
JET 3* 1.6 CE 
AET 0 0.2ł ict 






intraatrial reent tachycardia; JET = junctional ectopic tachycardia; 



















tients the tachycardia episodes were frequent but spon- 
taneously terminated in seconds to minutes. ove 

Group 4 (supraventricular tachycardia): Thirteen _ 
patients had supraventricular tachycardia and no histo- 
ry of previous heart surgery. Age at onset of amioda- 
rone treatment ranged from 23 weeks gestation (prena- 
tal) to 10 years (Table IV): Patient 1 presented with 
hydrops fetalis and tachycardia with atrioventricular 
association; maternal therapy with amiodarone was in- 





ditional. antiarrhythmic. drugs. : 

‘Statistical methods: The 4 groups were compared 
using the analysis of variance and the chi-square test, as 
appropriate, by way of the SPSS-PC+ statistical pack 
age. 






RESULTS — ee. 








































B blocker and mexiletine 


l : 
1 Z VT B blocker and mexiletine 0.1 
l = VT B blocker and mexiletine 0.9 
2 =E NE B blocker 1.0 
2 14 AET B blocker 0.2 
4 = ORT, ART Verapamil 0.1 
4 € ORT Verapamil 0.7 
4 Pa PJIRT Verapamil and 0.5 
procainamide 
4 & AET Verapamil 0.2 
1C  IART Quinidine, disopyramide 0.7 
or procainamide 
4 1l AET Verapamil 2.0 
4 13 AET Verapamil, B blocker 0.2 


and procainamide 


Abbreviations <s in Tables |, ii and IV. 


=- amiodarone administration was 12 months (range 15 
days to 2.9 years). Ages at onset of the rhythm distur- 
bance and t onset of amiodarone therapy were lower 
in group 4 “han in the other groups, but no difference 
was found = the total duration of amiodarone treat- 
ment among the groups. No significant differences in 
the outcom2 of therapy could be found among the 
groups. 

As a sinale antiarrhythmic agent, amiodarone was 
considered effective in 21 (45%) patients. Amiodarone 
was considered ineffective but treatment was continued 
in 11 (23%. patients; in 10 of these patients, amioda- 
rone was used in combination with additional antiar- 
rhythmic drags. Thus, amiodarone was clinically useful 
in 32 (68% patients. Amiodarone was considered inef- 
fective and was withdrawn in 15 (32%) patients. 

Clinical use versus groups: Amiodarone was useful 
in treating 6-of 7 group | patients. In 3 of these patients 
amiodarone was considered effective, whereas in the re- 

-maining 3 it was ineffective alone, but was continued in 

combination with other antiarrhythmic drugs (Table 

œ V). Amiodarone was useful in group 2 patients with 

-. syncope of anknown cause when complex ventricular 

<- ectopy was present; in 5 of 8 such patients amiodarone 

© was considered effective (Table II). Amiodarone was 
useful in 5 group 3 patients with frequent primary atri- 

-al tachycardia episodes that spontaneously terminated 

„and did not require cardioversion. In all 5 such patients, 

-the drug was considered effective (Table III). Amioda- 

¿rone was most useful in the 13 group 4 patients with 

“supraventricalar tachycardia. Amiodarone was consid- 

ted effective in 6 of these patients (Table IV). It was 

neffective bat continued with additional therapy in the 
remaining patients (Table V). In no group 4 patient 







days of amiodarone therapy. Both patients were resus- 


was ineffective and was withdrawn. Combined therap' 


red ineffective and withdrawn. _ dru 





citated and the drug was discontinued. Patients 2 and6 
in group 2 developed photosensitivity. After reduction 
of sun exposure and the use of sunscreens, mild symp- - 
toms were well-tolerated in | patient, but drug with- ` 

drawal was required in another patient. Patient 10 in 


group 4 developed adverse effects while taking amioda- 


rone in combination with procainamide (hallucinations, 
hysteria), quinidine (severe gastrointestinal side effects) - 
and disopyramide (mild and transient paresthesia of the 
arms). In patient 1 in group 4, maternal therapy was 
initiated for fetal tachycardia. The mother developed 
skin rash and mild thrombocytopenia after 15 days, 
and therapy was withdrawn. | 

The possibility of serious side effects could not be 
totally excluded in 3 patients. Patient 8 in group 3 de- 
veloped chest radiographic findings suggesting pulmo- 
nary toxicity, which retrospectively was determined to 
represent worsening heart failure. Amiodarone was dis- 
continued, and the patient subsequently underwent suc- 
cessful cardiac transplantation. Two patients with un- 
derlying heart disease and poor ventricular function be- 
fore amiodarone treatment died from congestive heart 
failure during amiodarone therapy (patient 15, group 2; 
patient 6, group 3). No patients had thyroid or liver 
dysfunction. 

Absence of adverse effects: No patient required 
pacemaker implantation during amiodarone therapy. In 
3 patients with atrioventricular block or sinus bradycar- 
dia, or both, pacemakers had been implanted 3 to 5 
years before amiodarone therapy. In 2 patients, pace- 
makers were implanted after discontinuation of amio- =. 
darone treatment: an antitachycardia pacemaker in 1 > 
patient and a ventricular demand pacemaker in the 
other for symptomatic bradycardia after additional sur- 
gery. 

Patients 3 and 8 in group 3 received amiodarone for 
2 and 14 months, respectively, before cardiac trans- 
plantation. Both patients underwent successful cardiac ` 
transplantation without any apparent deleterious side 
effects from amiodarone. | 

Combined antiarrhythmic therapy: Hades nee 
received additional antiarrhythmic drugs other than di- 
goxin in an effort to achieve better tachycardia control. 
In 10 of these patients amiodarone was ineffective but 
was continued, whereas in the remaining 2 amiodarone ~ 
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rests have occurre ed since ESA was aei 
-Verapamil or class Ia antiarrhythmic drugs, or both, 
"were used in association with amiodarone in 7 patients 
~~ from group 4. 
Short-term therapy in infants: Seven infants (ages 
: <18 months) received amiodarone alone or in combi- 
- nation with other drugs for <18 months. After discon- 
- tinuation of amiodarone, no patient had tachycardia re- 
-= -currence during follow-up of 4 months to 2 years. 
© Patients 1 and 3 in group 1 had incessant ventricu- 

~ lar tachycardia and received amiodarone in combina- 

= tion with mexiletine and propranolol for 5 and 16 
months, respectively. After a tachycardia-free period of 
4 to 8 months, the drugs were discontinued and the 
patients remained in normal sinus rhythm during >2 
years of follow-up. 

In group 4, therapy was discontinued in 5 patients 
in <18 months. Patient 1 presented with fetal tachycar- 
dia and severe hydrops fetalis with left ventricular 
shortening <10%. Tachycardia was unresponsive to 
maternally administered digoxin, verapamil or quini- 
dine sulfate, but conversion to normal sinus rhythm oc- 
curred after 5 days of amiodarone treatment. Amioda- 

-= rone was discontinued after 15 days. The fetus recov- 
<- ered from hydrops fetalis and did not have recurrences 
of tachycardia for the remaining 15 weeks of gestation. 

_. After birth, orthodromic-reciprocating tachycardia was 
<- induced during transesophageal pacing, but the neonate 
= was discharged without antiarrhythmic therapy be- 
cause spontaneous postnatal tachycardia was not ob- 
served. Patient 2 received amiodarone for 2 months be- 
cause of chaotic atrial tachycardia. During 4 months of 

» follow-up without therapy, no tachycardia episodes 
were observed. Patient 5 presented as a newborn with 
congestive heart failure due to orthodromic reciprocat- 
ing tachycardia. After unsuccessful drug trials with 
procainamide, flecainide and verapamil, amiodarone 
therapy in combination with verapamil was begun. Af- 





ter 6 tachycardia-free months, amiodarone was with- 


= drawn while verapamil was continued for 3 additional 

© months. Patient 6 presented with congestive heart fail- 
ure and atrial ectopic tachycardia, and received amio- 
darone for a total of 10 months. After a tachycardia- 
free period of 5 months, amiodarone was discontinued. 

< The patient remained in normal sinus rhythm during 7 
: < months of follow-up. Patient 7 had incessant recipro- 
-_ cating tachycardia; after 4 unsuccessful drug trials (ve- 
apamil, propranolol, procainamide and digoxin), the 






rone effect, it may be advantageous to use amiodarone 


_ may be the treatment of choice for specific rhythm dis- 


for these conditions with the admonition that amioda- 





7 nt received amiodarone. (in combination with PS: _tachycar 





tient has enai perio ‘ung : 
follow-up. E 











































DISCUSSION 

Amiodarone is a class III antiarrhythmic drug (in 
creases the action potential duration and refractoriness) 
but also has significant class I, calcium antagonist and 
B-receptor blocking properties. With the usual oral 
administration protocol, amiodarone has a significan 
antiarrhythmic action within the first 2 weeks of treat- 
ment,!:!2 even though class HI effects (increase in ven- 
tricular refractoriness) reach their maximal values after. 
10 weeks.!? Because of this delay:in onset of amioda- — 


in combination with other agents. . 
Based on the results of this study, amiodarone may 
be effective as part of combined therapy in pediatric 
patients. As a single agent, amiodarone:does not appear 
effective in postoperative patients with primary atrial 
tachycardia requiring cardioversion, but it may be the — 
treatment of choice in. similar patients with recur- 
rent spontaneously terminating bouts of primary atrial — 
tachycardia. Amiodarone should be considered for use 
in young patients with recurrent syncope when ventric- — 
ular ectopy is present. Finally, in infants <18 months 
old with either. electrocardiographically documented 
ventricular tachycardia or recurrent supraventricular _ 
tachycardia refractory to conventional therapy, amio- 
darone may be the treatment of choice owing to both 
the convenient amiodarone dosing schedule and the fa- 
vorable natural history of rhythm disturbances in this 
age group. Life-threatening side effects were observed 
in 2 patients. Other side effects were less serious. Im- 
portantly, no patient required cardiac pacing during: 
amiodarone therapy, and previous amiodarone adminis- 
tration did not preclude successful cardiac transplanta- - 
tion in 2 patients. 7 ie 
Several reports have suggested that amiodarone 


turbances in young patients.23.'3-!5 An important ques- _ 
tion is how to reconcile enthusiastic use of amiodarone 


rone only be used “for young patients with life-threat- 
ening arrhythmias that are resistant to conventional- 
drugs.”° In this context, it is important to examine the- 
natural history of rhythm disturbances in pediatric pa- 
tients. It has previously been shown that for ectopi 
atrial tachycardia in pediatric patients of all ages : 
atrial flutter i in | neonates, ae orthodromic reprot 













































more than : a decade. 18 Jn ah patients, 
(<18 months) of amiodarone could be anticipated to be 
sufficient treatment, as illustrated by the 7 infants 
we studied who received amiodarone as short-term 
` therapy. 

-It has been suggested that amiodarone treatment 
_ outcome be-described as failure, partial success or com- 
plete success? Although it is relatively easy to observe 
the failure Gneffectiveness) of an antiarrhythmic drug, 
it is much more difficult to assess its effectiveness,'4 





up. In our retrospective study, we deemed a recurrence 
‘of tachycardia or symptoms during treatment as inef- 
-fective treat nent. Amiodarone was considered effective 
-when the drug appeared to control the tachycardia or 
‘prevent symptoms. In trying to assess therapeutic bene- 
= fits, we fourd the concept of “useful,” including pa- 
~ tients in wham amiodarone was considered effective or 
ineffective but was continued, to be more practical than 
success or fedure. We found amiodarone to be clinical- 
ly useful im 68% of patients. This usefulness was 
achieved in 45% of patients receiving amiodarone as a 
= sole agent aad in 23% of patients receiving amiodarone 
as part of combination therapy. 
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ae let tachycardia (VT) by ceceramnned stimulation 
<> were studied in 12 patients (11 men, 1 woman, 
mean age + standard deviation 55 + 8 years) 
with drug refractory sustained monomorphic VT 
©. who underwent transcatheter ablation with high- 


| tion procedure was performed in 10 patients, 


_ whereas 2 ablation sessions were necessary in 2 
_. patients. Programmed ventricular stimulation 
=; was performed on 2 separate days (mean inter- 
_ _ val 19). There were 2 baseline studies, 1 several 
days before (“baseline study I”) and the second 

-at the beginning of the ablation procedure 
(“baseline study II”) while the patient was 
awake and nonsedated. The third programmed 
stimulation study was done 15 to 30 minutes af- 
- -ter administration of anesthesia with enfiurane, 
oxygen and nitrous oxide (‘‘enflurane study’’). 
Rate of sinus rhythm, QRS duration, PQ interval 
-and ventricular effective refractory period were 

` unaltered, whereas QTc interval increased signif- 
icantly after initiation of anesthesia. Before and 
after induction of general anesthesia, clinical VT 


W- was inducible in all patients. However, in 1 pa- 
tient, induction of VT was only possible by pac- 


ing in the left ventricle after enflurane adminis- 
tration. Based on these data, it is concluded that 
general anesthesia with enflurane, oxygen and 
nitrous oxide has no marked influence on induc- 
ibility of clinical VTs. Therefore, this type of an- 
_esthesia may be useful for nonpharmacologic, 
ablative procedures requiring general anesthe- 
sia. 


(Am J Cardiol 1991;68:609--613) 
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r "any me agents have effects on cardiac- 
electrophysiologic parameters owing to ei- 
. ther direct action on the myocardium or to- 


their indirect influence on the sympathetic nervous sys- : 


tem, which is of critical importance in the regulation of 


heart rate, myocardial function and peripheral vascular - a 
resistance. These effects do not play a role in clinical —— 


electrophysiologic studies of awake and nonsedated pa- 
tients.'-4 However, intraoperative mapping of supra- 
ventricular and ventricular tachycardias (VTs) is per- 


formed under general anesthesia. Studies in patients - [ 
undergoing surgical treatment of recurrent sustained =~ 


VT or ventricular fibrillation, or both, have shown that, 


in addition to other factors, general anesthesia may — 


decrease the inducibility of ventricular tachyarrhyth- 
mias.>~!* Recent experimental studies have investigated 


the inducibility of VT after administration of anesthetic 


drugs.!3-18. However, there are no systematic studies 
available on humans. Therefore, we evaluated the ef- 


fects of general anesthesia with enflurane, oxygen and — 
nitrous oxide using high-energy direct-current shocks in =. | 


12 patients with recurrent monomorphic sustained VT 
undergoing catheter ablation procedures. 


METHODS 
In 12 patients (Table I) (11 men and 1 woman, 


mean age + standard deviation 55 + 8 years, range 48 © 3 


to 71) with recurrent monomorphic sustained VT, a 
total of 14 catheter ablation procedures were performed 
(1 procedure in 10 patients, 2 procedures in 2 patients). 

Nine patients had coronary artery disease with a 


history of previous myocardial infarction; 6 of these had - 


had an inferior wall infarction and 3 had had an anteri- 


or wall infarction. Of the remaining 3 patients, | had 
arrhythmogenic: right ventricular disease, | presented 


with dilated cardiomyopathy and 1 had aortic valvular 


heart disease. The mean ejection fraction in patients Be 
with coronary artery disease and dilated cardiomyopa-. 


thy was 36 + 9%. Two patients with coronary artery 
disease had undergone previous cardiac surgery and I 
of these had failed to Dagi to map-guided aia 
cardia surgery, 


ünster, Germany. Manuscript received October. Al 
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Age (yr) 
& Sex 







Pt. No. Arrhythmia 





l 60M CAD 35 Incessant VT 
2 55M VHD 65 CRVT 
3 67M CAD 35 CRVT 
4 50M CAD -= CRVT 
5 62M CAD 36 Incessant VT 
6 46M DC 65 CRVT 
7 71M CAD 37 CRVT 
8 52M CAD 33 CRVT 
9 48M ARVD 64 CRVT 
10 ABF CAD 22 CRVT 
1] 54M CAD 36 CRVT 
12 49M CAD 28 CRVT 








ARVD = arrhetnmogenic right ventricular disease; CAD = coronary artery disease; 
CRVT = chronicuscurrent VT; DC = dilated cardiomyopathy; EF = election fraction; 
VHD = valvular asart disease; VT = ventricular tachycardia. 





























electrocardisgram on which the diagnosis of “clinical 
VT” was based. The median number of episodes of sus- 
tained VT before catheter ablation was 10 (range | to 
40). Eight patients had | VT morphology, 2 patients 
had 2, 1 patient had 5 and | patient had 6. Previous 
antiarrhythraic drug therapy was unsuccessful in all pa- 
tients. Seven patients (58%) had unsuccessful long- 
term therapy involving amiodarone alone or in combi- 
nation with class I antiarrhythmic agents. At the time 
of catheter ablation, 4 patients had no antiarrhythmic 
therapy, whereas the remaining 8 patients were receiv- 
ing drug therapy. Seven patients were treated with ami- 
odarone, 2 vith class I antiarrhythmic drugs and | with 
sotalol. These drugs were administered to further slow 
: VT to allow a detailed mapping or, in the case of amio- 
darone, because of its long elimination half-life. 
Programmed ventricular stimulation was performed 
at the right ventricular apex using bipolar electrode 
catheters. Single and double premature stimuli were 
applied during sinus rhythm and during paced ventricu- 
lar drives at cycle lengths of 500, 430, 370 and 330 ms 
< until sustained VT was induced. If VT was not induci- 
ble with ths protocol, triple premature stimuli were 
> used at a basic drive of 500 ms. All patients had induci- 
ble VT at the right ventricular apex. Stimulation at the 
ight ventricular outflow tract was not part of the pro- 
ocol. The end point of stimulation was either the in- 
uction of sustained VT or the completion of the entire 
acing protccol. 
Endocarcial catheter mapping was performed after 
venous administration of heparin. Quadripolar 
röde catheters were used (USCI 6Fr or USCI 
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phson). - A ieee electrode | cahi was | placed i in 












was s identified as showing th 
tion. ae 
Induction and maintenance of anesthesia were per- os 
formed according to a well-established protocol. After 
administration of thiopental (3 to 5 mg/kg) or etomi- 
date (0.15 to 0.3 mg/kg), the patients were relaxed and 
intubated. Anesthesia was maintained with enflurane at 
an end-expired concentration of 0.5 to 1.0 minimum 
alveolar anesthetic concentration in an oxygen (30%)- 
nitrous oxide (70%) mixture. Patients were ventilated 
at a rate of 10 to 16 ventilations per minute, with a 
tidal volume of 12 to 15 ml/kg. Respiration was con- __ 
trolled to maintain partial pressure of carbon dioxide ~ 
and pH within normal limits. Arterial blood peste ae 
was continuously monitored. 3 
Sustained VT was defined as monomorphic VT ` 
lasting >30 seconds or requiring termination before this. . 
time because of hemodynamic compromise. Clinical — 
VT was defined as VT identical in morphology to docu- 
mented spontaneous VT. Differences in heart rate +20 
beats/min were accepted as still representing clinical 
VT if no differences in morphology occurred. Inducibil- 
ity of VT was considered to be unchanged if VT was: 
initiated at the same basic drive cycle length as that 
during the control study. Inducibility was considered to 
be changed if VT was elicited at a basic drive different 
from the control rate. Differences in the mode of induc- 
tion were classified as “one step more difficult” for VT 
induced at a rate 20 beats/min higher than the control 
rate and as “one step easier” for VT induced at a rate 
20 beats/min lower than the control rate. > 
Programmed ventricular stimulation was performed 
on 2 separate days with a mean interval of 19 days ~ 
(range 2 to 62) between. studies. Thus, there were 2 
baseline studies; the first while the patient was awake 
and nonsedated several days before the ablation proce- 
dure (“baseline study I”) and the second at the begin- 
ning of the ablation procedure (“baseline study H”). 
Fifteen to 30 minutes after initiation of general anes- 
thesia, the third programmed stimulation study Sa 
flurane study”) was performed before the first shock 
was delivered. The same stimulation protocol was used — 
for each of the 3 studies. oh 
In patients in whom a second ablation procedure 
was attempted, the results of baseline study I were ae 
compared with baseline study II and the enflurane 
study. 2 
is penta Loita were e analyzed: e 
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fore the beginning of programmed ventricular stimula- 
tion in awake, nonsedated patients or 15 to 30 minutes 
after induction of general anesthesia, or both. 

Statistical analysis: Data were compared with Stu- 
dent’s paired ¢ test. A p value <0.05 was considered 
significant. All data are expressed as mean + standard 
deviation. 


RESULTS 

The inducibility of VT was unchanged in 11 of 12 
(92%) patients and was one step more difficult in | 
(Figure 1). Baseline study I was not performed in 2 
patients with incessant VT. VT was elicited with the 
same number of premature stimuli in 8 patients. In the 
remaining 4 patients, the number of extrastimull re- 
quired for induction of arrhythmia changed; the basic 
drive cycle length was the same in 3, but changed in | 
from 500 to 430 ms (Figure 2). 

During the 2 baseline studies, the cycle length of 
induced VT (376 + 61 to 367 + 72 ms, p = not signifi- 
cant [NS]) and the effective refractory period of the 
right ventricular apex at a paced cycle length of 500 ms 
were not different (254 + 26 to 255 + 19, p = NS). 

The morphologies of VT were identical in 10 pa- 
tients but different in 2. These 2 patients had several 
different clinical VT morphologies. 

During baseline study I, VT was terminated by rap- 
id ventricular pacing in 11 patients and by direct-cur- 
rent shock in 1, whereas no VT required termination by 
external cardioversion during baseline study II. 

During general anesthesia, VT was inducible in 13 
of 14 studies (93%) by programmed ventricular stimu- 
lation at the right ventricle. In 1 study, the induction of 
VT was only possible by pacing the left ventricle. The 
mode of induction of VT was unchanged in 12 of 13 
studies (92%) (Figure 1). In the remaining study, VT 


Baseline—study | 


Baseline—study |! Enflurane—study 





grammed 

ee ae, and Baseline-study II) and during general an- 
esthesia (Enflurane-study) dependent on paced basic drive cy- 

cle lengths. SR = sinus rhythm. 


TABLE II Electrophysiologic Findings Before (baseline study I!) 
and During (enflurane study) General Anesthesia 


Baseline Study I! Enflurane Study 


113 + 21 113 + 22 
188 + 20 189 + 20 
456 + 51 482 + 57 

80 + 18 83 + 22 
ERP-V (ms) 255+ 19 269 + 34 
VT-CL (ms) 367 + 72 389 + 67 


ERP-V = effective refractory period of right ventricle; NS = not significant; SR = 
sinus rhythm; VT-CL = cycle length of ventricular tachycardia. 


QRS (ms) 
PQ (ms) 


QTc (ms) 
SR (beats/min) 





was induced by 2 premature stimuli during sinus 
rhythm in baseline study II, but after general anesthe- 
sia; the same VT was reproduced by pacing at 500 ms 
and application of | premature stimulus. 

The number of extrastimuli necessary to induce VT 
was identical in 10 of 13 (77%) studies (Figure 2). In 3 
studies, VT was induced by 2 premature stimuli during 
baseline study II and by only | premature stimulus af- 
ter induction of general anesthesia. The basic drive cy- 
cle length to induce VT was the same in 2 patients and 
changed in 1. The morphologies of VT were similar 
during 12 ablation procedures and different in 2 pa- 
tients having 5 and 6 morphologies of clinical tachycar- 
dia, respectively, before catheter ablation. The cycle 
length of VT was longer after induction of anesthesia, 
but this difference was not statistically significant 
(367 + 72 and 389 + 67 ms, p = NS). Rapid ventricu- 
lar pacing terminated VT in 11 patients before and in 
10 after induction of anesthesia, whereas in the remain- 
ing 2 patients VT terminated spontaneously after 30 
seconds (during anesthesia). There were no cardiover- 
sions necessary to terminate VT during baseline study 
II, but after general anesthesia, VT had to be terminat- 
ed with external direct-current shock in 2 patients be- 
cause of hemodynamic compromise. 


N 


Baseline—study | Baseline—study |i Enflurane—study 





FIGURE 2. Induction mode of ventricular tachycardia by pro- 
grammed ventricular 


two conscious studies 
(acelin study | and Baseline-study Il) and during general an- 
esthesia (Enflurane-study) on number of premature 


stimuli. S = stimulus. 
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ne QRS fiona were not iad OTe iene in- 
creased sigeificantly from 456 +51 to 482 +57 ms 
_(p <0.05), znd the ventricular effective refractory peri- 
od at a pazed cycle length of 500 ms increased from 
-255 + 19 ta 269 + 34 ms (p = NS). 


- DISCUSSION 
: Reproducibility of VT induction by programmed 
— ventricular simulation is a major prerequisite for cath- 
eter ablaticm because detailed mapping during VT is 
mandatory. The application of direct-current high-en- 
< ergy shocks through electrode catheter is only possi- 
ble under general anesthesia.'? However, many anes- 

thetic agent: alter the electrophysiologic parameters of 

the heart æd may hereby influence the induction of 

VT 15.16 

Previous studies have reported that VT remains in- 
ducible in %0 to 90% of patients during map-guided 
surgery. As. well as other factors, anesthesia may influ- 
ence the inducibility of VT. Bitar et al!? reported on 2 
patients witt life-threatening VT unresponsive to anti- 
arrhythmic therapy who were successfully treated with 
general anesthesia using intravenous lorazepam and 
morphine saifate. Hunt and Ross!4 compared the ef- 
fects of 3 awesthetic agents on induction of VT in in- 
farcted dogs. Halothane and pentobarbital suppressed 
the inducib ty of VT in 40 to 50% of the dogs. In 
contrast, a neuroleptic combination of fentanyl-droperi- 
dol plus nitus oxide caused no significant change in 
the inducibë ty or character of VT. 

There am no detailed studies on the inducibility of 
VT during inhalational anesthesia in humans. Never- 
theless, experimental studies have shown that the in- 
ducibility of atrial tachycardia and VT decreased with 
_ programmed stimulation in dogs narcotized with halo- 

- thane.!4171€ In this study, the effects of general anes- 
‘thesia, using enflurane, oxygen and nitrous oxide, on 
-cardiac elec-sophysiologic parameters and on inducibil- 
ty of VT were studied. Using enflurane, an inhalation- 
zal anesthetic drug that has a negative effect on myocar- 
dial contraezility, depresses peripheral vascular re- 
sistance, but does not sensitize the myocardium to cate- 
cholamines contrast with halothane. 

Except fr QT interval, the electrophysiologic pa- 
rameters dic not differ after anesthesia. However, QTc 
creased sigaificantly when evaluated before and dur- 
ar nesthesia, ; as pleas Epo a 

















he eoncentaon: Toae. this does not refle . 
the refractory period of the atrioventricular node, but “ 
suggests that enflurane may also be used during cathe- 
ter ablation of supraventricular tachycardia with direct- 
current high-energy shocks. 

Halothane slows intramyocardial conduction.? 
Therefore, inhalational narcotic drugs would be expect- 
ed to change the modality of VT induction and to 
increase VT-cycle lengths. Halothane has also been 
shown to suppress induction of tachyarrhythmias by 
programmed stimulation in experimental studies. 1417-18 
VT was inducible in only 50'4 and 65%!* of dogs. In 
this study, anesthesia caused no marked change in in- | 
ducibility of VT. VT was inducible by programmed _ 
stimulation at the right ventricle in 13 of 14 (93%) ab- 3 
lation procedures and in 1 patient by pacing in the left — 
ventricle. i 

Denniss et al!® stated that their inability to induce — 
ventricular tachyarrhythmias with halothane was due 
to an increase in the ventricular effective refractory pe- 
riod, which prevented the use of short extrastimulus 
coupling intervals. There was no significant increase in 
the effective refractory period after induction of anes- 
thesia. Nevertheless, we did not need a shorter extra- 
stimulus coupling interval to induce VT during anesthe- 
sia. There was also no marked difference in the mode 
of VT induction. The basic drive rhythm was un- 
changed in 92% of studies and the number of extra- 
stimuli was unchanged in 77%. 

In contrast to experimental studies in chronically in- 
strumented dogs narcotized with halothane,'4 the rate _ 
of induced VT did not change significantly as a conse- < 
quence of anesthesia. This may reflect an unaltered w 
ventricular conduction time. There were no changes in 
morphology of induced VT in 10 of 12 (83%) patients, 
whereas the 2 remaining patients had 5 and 6 clinical | 
morphologies of VT, respectively. Ventricular fibrilla- 
tion was not induced in any patient. a 

Based on these data, we conclude that general anes- 
thesia with enflurane, oxygen and nitrous oxide has nọ > 
marked influence on inducibility of clinical VT. There- 
fore, this anesthetic drug regimen can be used especial- _ 
ly during map-guided antitachycardia surgery and > 
transcatheter ablation procedures, where inducibility of 
VT is a prerequisite. 
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. To identify markers of dispersion of the ventricu- 
-lar repolarimation in the idiopathic long QT syn- 
< drome, body surface potential maps were ana- 
- lyzed in 40 such patients (mean age + standard 
. -deviation 21 + 11 years) and in 30 healthy con- 
trol subjects (mean age 24 + 7 years). In each 
subject, 117 chest leads were recorded and 
< maps of the integral values of the QRST interval 


were calcuizted. A multipolar distribution of the 
values, a merker of gross electrical inequalities 
of repolarizetion, was found only in 4 patients. 
To detect minor regional disparities of ventricu- 
lar recovery. all the ST-T waveforms were ana- 


lyzed in each subject. The ST-T waves were rep- 


resented by a discrete series of potential values. 


> The “similasity index” was computed by apply- 
-ing a principal component analysis, which repre- 
: gents (in percent) to what extent 1 fundamental 
pattern of ST-T reproduces all the recorded 


waveforms. The mean value of the similarity in- 


: ‘dex was significantly lower in patients with long 
- QT syndrome than in control subjects (49 + 10 
vs 77 + 8%, p <0.0001). A value <61% (corre- 


sponding to 2 standard deviations below the 


mean value tor controls) was found in 35 of 40 
-patients and in only 1 control subject (sensitivity 

87%, specificity 96%). Thus, the similarity in- 
dex is a more sensitive marker than the multipo- 


lar distribution of QRST integral maps in reveal- 


ing electrice! disparities of the ventricular recov- 
ery times. The low value of the similarity index 
-found in patients with long QT syndrome indi- 


cates a large variety of ST-T waveforms, sug- 


: gesting a hizh degree of dispersion of ventricular 
recovery times, which is a condition of vulnera- 
= to malignant ventricular arrhythmias. 


(Am J Cardiol 1991;68:614-620) 


rom the Divisiæ of ee Tutut di Scienze Medico-Chirur- 


he electrophysiologic: mechanisms for vulnera- 

bility to malignant ventricular arrhythmias in 

the idiopathic long QT syndrome are still debat- 
ed, and both reentry and triggered activity have been 
proposed.! In general, it has been demonstrated that a 
greater than normal disparity of recovery times in car- 
diac muscle is associated with enhanced vulnerability. to 
arrhythmias.” The recovery process of myocardial fi- 
bers is greatly influenced by sympathetic activity,* and 
regional variations in sympathetic drive result in local 
changes of recovery times.® The latter condition could 
exist in the long QT syndrome, in which an imbalance 
of the sympathetic innervation of the heart has been 
hypothesized.':? The detection of electrical disparities in 
the ventricular recovery process from the body surface 
presents difficulties and several methods have been pro- 
posed.°-!4 We have attempted to identify markers of 
electrical disparities of the ventricular recovery in pa- 
tients with idiopathic long QT syndrome by analyzing 
body surface potential maps. 


METHODS 

Study group: A group of 70 subjects, 40 patients 
with idiopathic long QT syndrome and 30 healthy con- 
trol subjects, was studied. The 40 patients with long QT 
syndrome consisted of 26 female and 14 male patients 


aged 6 to 50 years (mean 21 + 11) (Table 1). The di- oe 


agnosis of long QT syndrome was based on the pres- 
ence of an abnormally prolonged QT interval (QTc 
>440 ms) accompanied by either a history of syncope / 
cardiac arrest or by the presence of long QT syndrome 
in other family members.’ In 3 patients QTc was with- 
in normal limits, but they were considered to have long 
QT syndrome based on the presence of documented 
syncopal episodes together with other family members 
affected by long QT syndrome: Twenty-nine patients 
were symptomatic, i.e., they had had syncopal episodes 


or cardiac arrest; 11 patients were asymptomatic. All — E 
the 29 symptomatic patients receiving long-term B-ad- = 


renergic blocking therapy. Two asymptomatic patients 5 
were also treated with 8 blockers. p 
Thirty healthy subjects, 15 male and 15 female sub- : 





2 

3 

4 

5 

6 

7 
. &. 
ie: oe 


*Syncope or cardiac arrest. 

tLong QT syndrome in other family members. 

BB = B blockers; HR = heart rate; !-Map = 
similarity index, 


-Body surface potential. mapping: By means of verti- 


: “al rubber straps, 117 silver-silver chloride electrodes 
- were applied to the anterior and posterior chest. The i 
-probes were positioned as shown in Figure 1, i.e., 90 0n 


the anterior chest wall and 27 on the back of each sub- 
ject. Wilson’s central terminal was taken as the refer- 


> ence point for measurement of chest potentials. The 


-117 chest leads were recorded and converted in digital 


: format with a sampling rate of 500 Hz per channel and 
stored on disk. The data were then processed o on a IBM © 


í integral maps: The procedure for obtaining integral 
< maps has been described i in a oR Se 1 ae 


integral map; Mul. = multipolar distribution of the integral values; Ne= 


1. Symptoms* 
Familialt 


large anterior negativity; O = no apparent abnormality; SI =~ 


| thoracic: uha ia map); then sointegral con- 


tour lines were drawn manually. 
arity index: In each subject the morphology 


= eh a of the. 117 ST-T waveforms were ana- 


lyzed. The ST-T waveform was divided into successiv 


- 20-ms intervals (Figure : 1 tl 
_ue of each interval was considered, thus minimizing the 


noise due to the 50-Hz power line interference. T 
eliminate the influence of the baseline drift we subtrac 
ed the value of the preceding interval from the mea 
potential value of each interval; this allows us to dea 
with increments instead of absolute values. Thus, each 
ST-T waveform is represented by a discrete series of 


to La values s (Figure 2) 











TABLE II Characteristics of the Control Subjects 


Age (yr) QRST SI 
l-Map 











l 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 
10 22 F 0 69 
11 23 F 0 77 
12 24M 0 80 
13 24M 0 80 
14 24 F 0 88 
15 25M 0 78 
16 26 F 0 81 
lee, 26 N Neg. 90 
18 26 F 0 82 
19 27M 0 80 
20 27M 0 74 
21 27 F 0 77 
22 28 F Neg. 55 
23 28M 0 91 
24 28 M 0 77 
25 29M 0 76 
26 30 M 0 86 
27 31M 0 73 
28 33 M 0 82 
29 40M 0 82 
30 40 F 0 77 





Abbreviations as 1 Table |. 


better represents, by means of appropriate multiplica- 
tion factors (1 factor for each recording lead) as de- 
scribed by Keinbaum et al,'® most of the 117 sets of 
values recorded in that subject. Therefore, the ratio be- 
tween the information content of the first principal 
component ard the total variation (i.e., information) of 
the original data indicates the ability of | single wave- 
form (first principal component) to reproduce all the 





recorded waveforms. We defined this ratio, expressed 
in percent, as the “similarity index” (SI), i.e.: 


_ Ist Principal Component 


Total Variation 4 


A high value of similarity index indicates a great simi- 
larity of all waveforms to 1 fundamental waveform, i.e., 
a great similarity of all the waveforms to each other. In 
contrast, a low value of the similarity index indicates a 
large variety of ST-T waveforms, and this is considered 
a marker of repolarization disparities. 

In each control subject and patient with a long QT 
syndrome, the similarity index was calculated for at 22 
different cardiac beats; the mean value was then con- 
sidered. The mean difference of all the within-subject 
measurements of similarity index was small, i.e., 2.2 + 
1.3% in the control group and 3.2 + 3.6% in the group 
with long QT syndrome. 

Statistical analysis: A comparison between group 
means was performed by the Wilcoxon test for un- 
paired data and by the chi-square analysis, when ap- 
propriate, Data are expressed as mean + | standard 
deviation. 


RESULTS 

QRST integral maps: In all control subjects, the in- 
tegral maps showed a bipolar distribution of the inte- 
gral values with a minimum in the upper sternal-right 
clavicular area and a maximum in the left mammary- 
axillary region (Figure 3). This is the typical pattern for 
normal subjects. !>!5-17-18 In 2 control subjects, the neg- 
ative values entirely or almost entirely covered the ante- 
rior right thorax. 

Among patients with long QT syndrome, 4 (10%) 
had a multipolar distribution of the QRST integral val- 
ues: 3 patients had | maximum and 2 minimum distri- 
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butions; | patient had 2 maximum and | minimum 
distribution. 

In the remaining 36 patients the distribution of the 
integral values was bipolar. In 15 patients (37%), the 
QRST integral maps showed a location of the maxi- 
mum and minimum within normal limits. Figure 4 il- 
lustrates the QRST integral map of a patient with 
symptomatic long QT syndrome with a normal ST-T 
pattern and only a slight QTc prolongation in the elec- 
trocardiogram: the minimum is located in the right 
subscapular area and the maximum in the left mam- 
mary region. In the other 21 patients (53% of the 
cases), the location and the size of the negative area 
were abnormal. These patients had a larger than nor- 
mal area of negative values on the anterior thorax, a 
pattern already described in patients with long QT syn- 


FIGURE 2. Schematic drawing of QRS 
ST-T waveforms. The ST-T wave is subdi- 
vided into 20-ms intervals (upper tracing). 
The lower tracing is amplified; the ST-T 
wave is defined by a series of 15 potential 
values (arrows). 


FIGURE 3. QRST integral map from a 33- 


(S.1.) is 82%. 
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drome.'> Figure 5 shows the typical case of a patient 
whose T waves were negative in V,, biphasic in Vz and 
notched in V3: the minimum is located in the lower 
sternal area and the negative values almost entirely cov- 
er the anterior chest surface. Mean values for the maxi- 
mum and minimum were not significantly different in 
the control group and group with long QT syndrome. 

Similarity index: The mean value of the similarity 
index was markedly lower in patients with long QT 
syndrome than in control subjects (49 + 10% vs 77+ 
8%; p <0.00001 ). The individual values of the similar- 
ity index in the control group and the group with long 
QT syndrome are illustrated in Figure 6. There is a 
clear-cut separation between the 2 groups with minimal 
overlapping. We considered a value of 61% as a cutoff 
point, which represents 2 standard deviations below the 





QRST integral map 
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mean value for the control group, and we found that 
most (35 of 30) patients with long QT syndrome had a 
lower value, whereas only | control subject had a value 
below this threshold (chi-square, p <0.0005; sensitivity 
87%, specificay 96%). Thus, among patients with long 
QT syndrorre, significant abnormalities were observed 
much more “equently (87 vs 10%) by calculating the 
similarity index (value <61%) than by examining the 
ORST integzal maps (multipolarity). The similarity in- 
dex was not different between symptomatic and asymp- 
tomatic patients (48 vs 51%). 


DISCUSSIGN 

This study demonstrates that the similarity index 
is more sensitive than the multipolar distribution of 
QRST integral maps in revealing abnormalities of sur- 
face repolarization potentials, which can be related to 
electrical distomogeneity of the ventricular recovery 
process. Specifically, the low value of the similarity in- 
dex found in patients with long QT syndrome indicates 


S.A. 28 yrs 


at dia Ti 
ao a > He ab i 


S.A. LQTS 
2 28 yrs 


QRST integral map 





a large variety of ST-T waveforms, and suggests a high 
degree of dispersion of ventricular recovery times, a 
condition that enhances vulnerability to malignant ven- 
tricular arrhythmias. 

Ventricular repolarization disparities: The QRST 
integral maps contain valuable information on the ven- 
tricular recovery process.!9-?! Areas of QRST deflec- 
tions mainly reflect the intrinsic repolarization proper- 
ties and are largely independent of ventricular excita- 
tion sequence.?!? Complex multipeak distributions of 
the QRST integral values have been related to regional 
disparities of ventricular recovery duration and thus to 
cardiac states of vulnerability to arrhythmias.®!! How- 
ever, a multipolar pattern was rarely found in patients 
affected by long QT syndrome or myocardial infarction 
with life-threatening ventricular arrhythmias,!':!+:!> ex- 
cept in | series. !® 

In the present study the percentage of cases with 
multipolar QRST integral maps (10%) was small and 
lower than in our previous series (24%) on a different 


FIGURE 4. Twelve-lead electrocardiogram 
and QRST integral map from a patient 
with long QT syndrome (LQTS) (no. 26 in 
Table I). Distribution of the integral values 
looks normal (see Figure 3 for compari- 
son); similarity index (S.1.) is definitely low 
(43%). 


618 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 SEPTEMBER 1, 1991 


3 





and more limited population.'° A multipolar distribu- 
tion most likely reflects only gross regional inequalities 
of repolarization, and may not represent a marker suffi- 
ciently sensitive for minor disparities. 

To detect and quantify minor electrical disparities of 
ventricular recovery times, we analyzed the morphology 
of all the recorded ST-T waves. We assumed that the 
more dishomogeneous the ventricular repolarization, 
the more complex the equivalent cardiac generator, giv- 
ing rise to a more complex potential distribution at the 
body surface. On the other hand, the more uniform is 
the recovery process in the ventricles, the more “dipo- 
lar” the surface potential distribution. A smooth dipolar 
distribution of recovery potentials will result in ST-T 
waves with very similar shapes although of different 
amplitude and polarity. This condition will be reflected 
by a high value in the similarity index. The mean value 
of the similarity index was significantly lower in pa- 
tients with long QT syndrome than in control subjects 
(abnormally low in 87% of the cases). 


FIGURE 5. Twelve-lead electrocardiogram 
and QRST integral map from a 22-year- 

old woman affected by long QT syndrome 
(LQTS) (no. 22 in Table I). Distribution of 
the values is bipolar, but it is abnormal for 
the large negativity covering the anterior 

thorax. Similarity index (S.1.) is 38%. 


22 yrs 


When the QRST integral maps and the values of 
similarity index are compared, one notes that all 4 pa- 
tients with multipolarity had an abnormal value in simi- 
larity index, but only in 2 patients was it very low (Table 
I). However, similar values can be observed in patients 
with a bipolar distribution of the QRST map (Figure 5), 
Some patients with long QT syndrome in whom the 
QRST maps could be considered within normal limits, 
showed a clearly abnormal similarity index (Figure 4). 
These findings clearly indicate that the similarity index 
has a greater capability than QRST integral maps (mul- 
tipolarity ) in detecting electrical dishomogeneities at the 
body surface, particularly if they occur only during some 
portions of ventricular repolarization. 

Clinical correlates: The value of the similarity in- 
dex was not correlated with age, sex and heart rate 
neither in patient with long QT syndrome patients 
nor in control subjects. Among patients with long QT 
syndrome, no correlation was found with the type of 
treatment, or with the severity of the disease. This 


Ñ 
ipa 
5 i 


if li; jij Fe ME f jl W 

a i 1 | 

~ a ii. i L. 

HER i l Je iet : il Ire 

IAH — T 4] ‘ind 
iH uf a lie 

tig hid n et j pi ia ikii ii g 

yee HUAT 


Laky anit = 
{i IR ih 5 ia 
di iy i i f et a 
le if ae 
fi ue wis dol 
| 
3 F = 
f ae ha mt 
ae gue at Ul i 
i i nant, na iaoe 


"i 


i AE 
t i 


Bits a 


LQTS 


Su 


~— 
— — — 


QRST integral map 





VENTRICULAR REPOLARIZATION IN LONG QT SYNDROME 619 


EE P n LE E ind Be TN S a ee ee” ee ee on = 


= i 


=— r wf 


— 


—- 


Ee 


INDEX (%) 


> 
p- 
œ 
< 
~ 
= 
v) 


Controls 
n=30 


FIGURE 6. Ind@-vidual values of the similarity index of the con- 
trol group and the group with long QT syndrome (LQTS). 
Mean and 1 standard deviation is indicated by a vertical bar 
for each group. A cutoff value, corresponding to the mean of 
the control group minus 2 standard deviations, is indicated by 
the horizontal ine. 





apparent inability of the similarity index in distin- 
guishing between patients at low or at high risk for 
syncope matches the weak correlation between QTc 
and history @ syncope/cardiac arrest among patients 
with long QT syndrome. 

Both the multipolar potential distribution and a 
low similari index are only markers of 1 specific 
condition of susceptibility to ventricular arrhythmias; 
the actual cocurrence of arrhythmic events still re- 
quires an aparopriate trigger, likely to be an increase 
in cardiac sympathetic activity.) This might weaken 
the relation between the surface electrical signs of re- 
polarization disparities and the occurrence of ar- 
rhythmic events. 

There wae no correlation between QTc and simi- 
larity index. Specifically, in 3 patients with normal 
QTc the similarity index was abnormal (Table I). 
This suggests that a high degree of disparity of the 
ventricular r=covery times, as indicated by the simi- 
larity index, can be equally present both in patients 
with long QTc and in patients with borderline QTc. 
Thus, in pat ents with long QT syndrome, the simi- 


larity index provides information complementary to 
that of the QTc value and can be useful, along with 
other criteria, for diagnosing borderline or atypical 
cases. 
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E : PORRE anatomic localization of accessory 
-pathways during preoperative electrophysiologic 


study and during operative mapping depends on 
a knowledge of the dimensions of the posterior 
septal space and the left free wall. These dimen- 
sions were therefore studied in 48 human cadav- 
er hearts. Mean distance from the coronary si- 
nus orifice to the left margin of the posterior 
septal space was 2.3 + 0.4 cm and mean length 
of the left free wall was 5.0 + 1.0 cm. The poste- 
rior septal space at the level of the valve anuli 
extended a mean of 3.4 + 0.5 cm around the epi- 
cardium. The width of the posterior septum mea- 
sured in the coronary sinus was related to heart 
weight and a combination of body weight and 
patient age (p <0.05). The probability of an ac- 
<- cessory pathway being located in the left free 

wall or the posterior septum during catheter 


_ mapping was calculated for various distances 
ee fromm Ihe carohary sinus orifico for:sdhults of dif- 


ferent ages and body weights. in adults, acces 
sory pathways located in the proximal 1.5 cm of 
the coronary sinus are almost always in the pos- 
terior septum. Those located between 1.5 and 3 
cm from the coronary sinus orifice may be in ei- 
ther the left free wall or the posterior septum, 
and those located >3 cm from the coronary sinus 
orifice are almost invariably in the left free wall. 
(Am J Cardiol 1991;68:621--625) 
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is important in determining the approach used 
for surgical dissection of the atrioventricular _ 
junction, thus improving chances of a surgical cure.'-8 - 
Pathways in the left free wall are usually dissected us- > 
ing the left atrial endocardial approach described by 
Sealy and Gallagher.’ Pathways in the posterior sep- = 
tum and the right free wall are dissected from either a 
right atrial endocardial or an epicardial approach, as 
described by Guiraudon et al.? Surgical division of ac- 
cessory pathways has a lower success rate when the- 
pathways are located in the posterior septum compared — 
with the atrioventricular free wall. 56 The distinction | 
between posterior septal and left free wall accessory 
pathways is also important for catheter ablation, be- 
cause location is related to success rates and to the inci- ` 
dence of major complications. '° | 
During preoperative electrophysiclogic study, the ` 
electrodes showing earliest activation are correlated 
with anatomical landmarks using fluoroscopy.®’ At. 
present, the distinction between posterior septal and 
proximal left free wall pathways depends on the elec- 
trophysiologist’s judgment, because there are no clear | 
guides or anatomic data locating the point where the | 
posterior septal space becomes the left free wall.2 This 
produces less reliable decisions about the surgical ap- 
proach to be used and causes less accurate information ~ 
to be given to patients about their chances for surgical 
cure. Errors in communicating pathway location may =- 
also occur owing to different concepts about the dimen- 
sions of the posterior septum between electrophysiolo- _ 
gists and surgeons, with consequent difficulty in com- 
paring outcomes of various ablative procedures between 
institutions. In this study we examined 48 cadaver 
hearts to establish the normal dimensions of the posteri- 
or interatrial septal space and the coronary sinus to al- 
low for more accurate prediction of the anatomic loca-. 
tion of accessory pathways during clectrophysiologic 


T he anatomic localization of accessory pathways 











ically normal fresh adult 
Patients had. 
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dence of cardiac failure, hypertrophy or valvular heart 
disease, or if the coronial pathologist wished to examine 
the coronary arteries in the posterior interatrial septum 
in detail. 

The heart was transected in a plane parallel to the 
atrioventricuEr rings at the level of the coronary sinus 
(where preo=Œrative recordings are obtained during 
electrophysio-egic study) extending from the atrial epi- 
cardium postsriorly to the aorta anteriorly. 

Both juncoons of the atrial free walls with the poste- 
rior septal space were defined, in accordance with pub- 
lished data, æ the points at which the atrial endocardi- 
um separates rom the epicardium to produce the pos- 
terior septal space (Figures 1 and 2).*!! This definition 
results in the posterior interatrial septal space encom- 
passing the area of the heart that can be dissected from 
a right atria. endocardial approach during surgery.* 
The central brous body was defined as the area of 
confluence between the aortic, mitral and tricuspid 
valve anuli, anad the membranous ventricular septum 
(Figure |).’ Ja this study we defined the length of the 
coronary sinus as the distance from the coronary sinus 
orifice to the point where the great cardiac vein enters 
the anterior imerventricular groove, because this is the 
length that cen be readily negotiated with electrode 
catheters. !? 

Measurements were obtained of various dimensions 
of the posterior interatrial space (Figure 3). Measure- 
ments of the arial free wall junctions were made at the 
atrial endocarc ial surface. Length of the coronary sinus 
was measurec using a flexible catheter inserted in the 
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FIGURE 1. Pho-egraph of transverse cardiac dissection at lev- 
el of coronary s@us. Uppermost white pin indicates central fi- 
brous body; other pins indicate junctions of posterior septal 
space with left aad right free walls, respectively. Arrow points 
to orifice of coreszary sinus and thebesian valve. Anterior dot- 
ted white lines mark edges of coronary sinus; posterior 
dashed white lize marks epicardium. Because tricuspid anu- 
jus is 1 cm to rigat of and below coronary sinus orifice, a 1-cm 
rim of atrial endocardium can be seen between orifice of coro- 
nary sinus and tricuspid anulus. Note relatively large size of 
posterior septal space compared with free walls and dimen- 
sions of orifices ef atrioventricular valves. Note considerable 
expanse of postzior septal space posterior to coronary sinus 
that traverses midie of posterior septal space. 





coronary sinus extending from the orifice to the origin 
of the anterior interventricular vein. 

Because dimensions vary with age and body size, we 
developed tables for predicting the width of the posteri- 
or interatrial space measured leftward from the coro- 
nary sinus orifice, as would be performed during elec- 
trophysiologic study. 

Although our measurements were obtained with the 
heart held open under gentle tension, there is a possibil- 
ity that measurements obtained from the flaccid fresh 
cadaver heart may not correlate accurately with those 
of the living heart because of the effects of cardiac dis- 





FIGURE 2. Diagram illustrating boundaries of posterior septal 
space in plane of coronary sinus. black pin marks 
central fibrous body; other black pins mark junctions of left 
and right free walis with posterior septal space, respectively. 
Coronary sinus orifice is located at thebesian valve identified 
by arrow. There is a 1-cm rim of atrial endocardium seen in 
this diagram (and in Figure 1) located to right of and below 
coronary sinus orifice. Shaded area, 1, identifies posterior in- 
teratrial septum, 2 identifies right free wall and 3 identifies 
left free wall. 
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FIGURE 3. Diagram illustrating measurements of posterior 
septal space. Uppermost black pin marks central fibrous 
body; other black pins mark junctions of left and right free 


central fibrous body to left free wall and posterior septal junc- 
tion at endocardium; 2, central fibrous body to right free wall 
and posterior septal junction at endocardium; 3, coronary si- 
nus orifice to left free wall; 4, coronary sinus orifice to right 
free wall; and 5, left free wall to right free wall junctions with 
posterior septal space measured at epicardium. Not labeled on 
diagram but also measured was length of coronary sinus from 
its orifice to anterior interventricular vein. 
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All Patients 





n Mean 


Posterior septum (epicardium) 
Coronary sinus length 
| | Coronary sinus orifice to left free wall 
Caa sinus orifice to right free wall 
Central fibrous body to left free wall 


Central fibrous body to right free wall 


Numbers in parentheses = median values. | 


© tension. To examine this, we compared radiographic 
‘measurements. of the posterior interatrial septum with 
the heart in varying degrees of distension. This involved 
initial attachment of radiopaque staples to the epicardi- 
um in the posterior atrioventricular groove. The site of 
attachment was located by palpation at the point where 
the atrial wall appeared to thicken and become the in- 
teratrial septum. The heart was closed by ligation of the 
great vessels. Intracardiac pressure was monitored in all 
4 chambers using Swan-Ganz catheters, | portal of 
which was used for distending the heart with normal 
- saline solution infusion. The separation of the radi- 
opaque markers was measured radiographically at pres- 
sures of 0, 16 and 30 cm of water. 

Statistical analysis: The data were analyzed using 
the Statistical Package for Interactive Data Analysis.!? 
Sets of 2 measurements obtained from the same heart 
were compared using the paired 7 test. Exhaustive 
searches!> were used to determine the best set of 1, 2 or 
` 3 predictors in the multiple regression analyses. Nor- 

_mality of the residuals in the regression models was as- 

sessed by plotting the ordered residuals against the ex- 
-= pected value of the normal order statistics.'4 The Filli- 
ben coefficient was used to test for normality.'4 Fitted 
«= regression models were. used to predict the probability 
_ -vof the dependent variable lying in a specifi ed range, as 
described by Weisberg. 15 











Eei RESULTS 
= Forty-eight adult cadaver hearts were examined (34 
= men and 14 women [average age + standard deviation 
45 +19 years, range 15 to 85]). Mean body weight 
! was 66 + 12 kg, mean height 173 + 10 cm, mean body 
rfac area. 178% + o. 20 = and mean heart een 
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TABLE If Results of Regression Analysis for Predicting the 
Width of the Posterior Septum Along the Coronary Sinus 


Regression 
Coefficient 














pValue r 









Age {yr) 


Height (cm) 46 0. 009 













l 0. 006 0.15 0.04 
Weight (kg) 46 0.013 0.004 0.00 0.16 
Body surface 

area (m°) 46 0.787 0.282 0.01 0.15 
Coronary sinus 

length (cm) 46 0.130. 0.057 0.02 0.11 
Heart weight(g) 46 0.003 0.000 0.00 0:20 





DF = degrees of freedom; SEM = standard error of the mean. aS 


cer in 2 and ruptured aortic aneurysm in 2. In | patient 
each, death was the result of bleeding, scleroderma, - 
anaphylactic shock and uncontrolled epilepsy. In 3.pa- 
tients the cause of death was not macroscopically ap- _ 
parent. The heart was normal in 41 patients. In 7- 
hearts there was evidence of coronary artery disease, _ 
including 1 case of a ruptured ventricle due to acute _ 
myocardial infarction. No heart showed evidence of — 
cardiac dilation. The absence of cardiac dilation in this 
latter group reflects the selection bias inherent in exam- 
ining primarily coroner’ S cases ‘rather than hospital Bs 
specimens. a | ; 

The results of the v various measurements of the pos . 
terior interatrial septum and. coronary sinus are listed in. 
Table I. The coronary sinus orifice to left free wall di 
mension is the key measurement for preoperative pre: 
diction of pathway location i in the posterior septum ol 
left free wall. This measurement had a mean of 2.3 + 
0.4 cm (range 1.4-3.0). Length of the left free wal 
distal t to Jag spa left free. yall I junction v was ae mean 

























‘es 85 0.99 










0.96 0.86 0.66 0.40 0.18 0.06 

~ 80 0.99 0.94 0.81 0.58 0.32 0.13 0.04 
1 75 0.98 0.91 0.75 0.49 0.24 0.09 0.02 
a. 70 0.96 0.87 0.67 0.40 0.18 0.06 0.01 
65 0.94 0.82 0.59 0.32 0.13 0.04 0.01 

`- 60 0.91 0.75 0.50 0.25 0.09 0.02 0.00 
55 0.87 0.68 0.42 0.19 0.06 0.01 0.00 

50 0.82 0.59 0.33 0.14 0.05 0.01 0.00 
Distance from cxonary 1.5 1.75 2.0 2.25 2.5 2.75 3.0 





sinus orifice (=m) 









TABLE IV Prcfiability of Location in the Posterior Septum at 
Various Distances from the Coronary Sinus Orifice in Relation to 
Body Weight (2) in a Patient Aged 40 Years 


Body weight (kg 

























85 1.00 0.98 0.93 0.79 0.56 0.30 0.11 
80 1.00 0.97 0.90 0.73 0.47 0.22 0.08 
75 0.99 0.96 0.86 0.65 0.38 0.16 0.05 
70 0.99 0.94 0.80 0.57 0.30 0.11 0.03 
65 0.98 0.91 0.74 0.48 0.22 0.08 0.02 
60 0.96 0.86 0.66 0.39 0.16 0.05 0.01 
55 0.94 0.81 0.57 0.31 0.12 0.03 0.01 
50 0.91 0.74 0.48 0.23 0.08 0.02 0.00 
Distance from campnary 1.5 1.75 2.0 2.25 2.5 2.75 3.0 






sinus orifice (cra) 






















TABLE V Protzbility of Location in the Posterior Septum at 
Various Distanas from the Coronary Sinus Orifice in Relation to 
Body Weight (Fg) in a Patient Aged 70 Years 


Body weight (kg: 
85 


1.00 
1.00 
1.00 
1.00 
0.99 
0.99 
0.98 
0.97 
Distance from cotwnary 1.5 
sinus orifice (ce) 


1.00 
0.99 
0.99 
0.98 
0.97 
0.95 
0.93 
0.89 
1.75 


-F Probability tables “ar predicting width of posterior septal space along coronary sinus 
. 4 in relation to body weight {kg) in other age groups are available on request, 





_ The relations between posterior septal width, mea- 
-sured along tke coronary sinus from its orifice, and cor- 
‘onary sinus xength, heart weight, age, body height, 
-body weight zad body surface area were assessed using 
‘simple linear gression. The results are listed in Table 
IL. Heart weight and then body weight were the best 
: ingle predictor of the posterior septal width along the 
onary sinus. Multiple linear regression showed that a 
no age and body ya formed the best 

the: . 

















available (tables H to V). | : 

Mean widths of the posterior septum, eisd i ra- 
diographically with the heart distended at 0, 16 and 30 ae 
cm of water, were 1.4+0.4, 1.3404 and 14404 9 - 
cm, respectively. There were no significant differences 
between these various measurements of posterior septal 
width. 


DISCUSSION 

This study provides the only published anatomic 
data on the width of the posterior septum along the 
coronary sinus. To date, pathway location has been de- 
scribed as posterior septal rather than left free wall 
based on soft criteria and the judgment of the electro- 
physiologist. However, many electrophysiologists and 
some surgeons do not appreciate the true size of the 
posterior septal space and incorrectly describe pathways 
as left free wall when they are actually posterior septal. 
In these Institutions, posterior septal locations are as- 
cribed to pathways within | cm of the os of the coro- 
nary sinus rather than up to 2 or 3 times this distance. 
Frequently, the distinction between the left free wall 
and the posterior septum is avoided by describing path- 
ways as “paraseptal.” However, such equivocal local- 
ization is not helpful to the surgeon in choosing an op- 
erative approach. Usually the situation is clarified dur- 
ing operative mapping, but accessory pathway function 
may be temporarily lost during handling of the heart, 
or tachycardia may not be inducible. In these cases the 
operation must be based solely on preoperative data. 
Our data should enable more accurate anatomic loca- 
tion of accessory pathways during electrophysiologic 
study and surgery, and thereby improve decisions about ==> 
the route of approach during surgery and communica- 
tion of the risks and success rates of surgery to the pa- 
tient. Improved knowledge of the dimensions of the 
posterior septum should also provide a basis for consen- 
sus among electrophysiologists and facilitate more ac- 
curate comparison of the outcome and risks of catheter 
ablation techniques in relation to the anatomic site(s) of - 
the accessory pathway(s). 

During electrophysiologic study, the coronary sinus 
orifice can be localized by observing the point at which ~ 
the catheter prolapses downward when it is advanced if ~ 
a superior vena caval approach is used, or by injection 
of x-ray contrast directly into the coronary sinus or in- ; 
malate via the left ony artery. | This provid esar 
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JU: ; prob: bilities fase on patient size. Heart weight 
was the single variable most closely correlated with the 
dimensions of the posterior septal space, but is not ob- 
- tainable clinically. The combination of body weight and 
-< age was also closely correlated with the dimensions of 
the posterior septal space and, being easily obtainable, 
was therefore used to construct probability tables of the 
di kelihood of an accessory pathway being located in the 
‘posterior septum at various distances from the coronary 
A sinus orifice. These tables show that the junction of the 
- posterior septum and the left free wall lies >1.75 cm 
to the left of the coronary sinus orifice in >75% of all 
but the smallest adults. Pathways located 3 cm to the 
left of the coronary sinus orifice are in the left free wall 
in all but the largest patients. 7 
We could find no detailed published data for com- 
parison with our results. Sealy and Mikat? measured 
the distance from the central fibrous body to the junc- 
tion of the left and right free walls with the posterior 
interatrial septum in 20 patients, but not the width of 
the posterior septal space along the coronary sinus. 
They noted considerable variation in their measure- 
ments and published only 3 examples to reflect the 
range of their results. They found values between 15 
and 28 mm from the central fibrous body to the left 
-> free wall, the lower limit of their range being similar to 
_ Our own range of 20 to 35 mm. There were no major 
differences in Sealy and Mikat’s measurements of the 
_ distance between the central fibrous body and the right 
free wall (range 20 to 35 mm) and those in this study 
(range 18 to 40 mm) (Table I). 
A potential concern in the application of our results 
to the living heart relates to possible variation in septal 
width when the heart is distended by physiologic pres- 
-sures compared with cadaver hearts held under gentle 
tension. However, the absence of variation in dimen- 
sions of the posterior septal space of cadaver hearts 
when subjected to various distension pressures up to 30 
cm of water suggests that this concern is not important. 
This absence of variation is probably caused by the 
area of interest being close to the inelastic fibrous cardi- 
ac skeleton that might be expected to remain fairly con- 
stant in size during acute pressure changes. 
Study limitations: Our data describe adult hearts 
only and a similar study is required in children. 
Probability tables for prediction of posterior atrial 
„Septal width were calculated using data from all hearts 
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rifice to be estimated with patients with ischemi 






our study showed any crea of erie dilatat 

heart failure that may have changed the dimensions 
the posterior septum. Table I shows that the measu 
ments made in the 7 hearts with evidence of coron: 
artery disease were not statistically different from those 
in the 41 completely normal hearts (p = 0.5, Man 
Whitney test). The exclusion of these hearts does no 
alter the conclusions of this study, but does decrease th 
number of observations and the accuracy of the tables 
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-Both time and frequency domain measures of 

-heart rate (HR) variability have been used to as- 

-sess autonomic tone in a variety of clinical condi- 
tions. Few studies in normal subjects have been 
performed tz determine the stability of HR vari- 
ability over Eme, or the correlation between and 
within time and frequency domain measures of 
HR variability. Fourteen normal subjects aged 
20 to 55 years were studied with baseline and 
placebo 24-+our ambulatory electrocardiograms 


_. performed 3'to 65 days apart to assess the re- 


producibility of the following time domain mea- 
sures of cyc: length variability: the standard de- 
viation of al normal cycle intervals; mean normal 
cycle interva; mean day normal cycle interval; 
night/day difference in mean normal cycle inter- 
val; root-mean-square successive cycle interval 
difference; percentage of differences between 
< adjacent normal cycle length intervals that are 
->50 ms comauted over the entire 24-hour elec- 
trocardiographic recording (proportion of adja- 
cent intervas >50 ms); and the frequency do- 
main measures of high (0.15 to 40 Hz), low 
(0.003 to 0.15) and total (0.003 to 0.40) power. 
The mean amd standard deviations of these mea- 
sures were virtually identical between placebo 
and baseline measurements and within the stud- 
ied time range. Variables strongly dependent on 
vagal tone (high-frequency, low-frequency and 
total power, root-mean-square successive differ- 
ence, and percentage of differences between ad- 





-From the Divisioavwof Cardiology, Department of Medicine, the Jewish 

+ Hospital of St. Laais, Washington University School of Medicine, St. 
=~ Louis, Missouri; “Svision of Cardiology, Department of Medicine, and 
<- Division of Biostatstics, School of Public Health, Columbia University, 
New York, New “ork; and the Arrhythmia Control Unit, Columbia- 
Presbyterian Medical Center, New York, New York. This study was 
supported in part sy National Institutes of Health Grants HL-41552 
and HL-70204 fem the National Heart, Lung, and Blood Institute, 
Bethesda, Maryland; Grant RR-00645 from the Research Sources 
dministration, ECI Pharmaceuticals Group and Marion Laboratories; 
by funds frory The Milstein Family Foundation, The Dover Foun- 
yeorge aad Abby O'Neill, Robert Winthrop, and the Shirlee 
Benaza Foundation, New York, New York. Manuscript 


January . 4, 1991; revised manuscript received and accepted 
Fi sete om ~~ eae oe ese imal persons? Soe 


jacent normal cycle intervals >50 ms computed 
over the entire 24-hour electrocardiographic re- 
cording) were highly correlated (r >0.8). It is 
concluded that measures of HR variability are 
stable over short periods of time. Certain time 
and frequency domain variables are highly corre- 
lated and may serve as surrogates for each oth- 
er, and no placebo effect on these variables is 
evident. 

(Am J Cardiol 1991;68:626-—630) 


eart rate (HR) variability, assessed by both 
time and frequency domain parameters, de- 
creases with age and with certain disease 
states such as congestive heart failure, diabetic neurop- 
athy, postmyocardial infarction, and in some forms of 
inducible ventricular tachycardia or ventricular fibrilla- 
tion.!-4 We have shown that cardiac cycle length vari- 
ability, the standard deviation of the normal cycles over 
24 hours, is a potent univariate predictor of mortality 
after acute myocardial infarction and remains an inde- 
pendent predictor for mortality even after statistical 
control for HR, left ventricular ejection fraction, New 
York Heart Association classification, exercise testing 
results and ventricular arrhythmias.>° We have previ- 
ously shown a strong correlation between time and fre- 
quency domain parameters that measure vagal influ- 
ence. However, there are few data on the reproducibili- 
ty of repeated measurements.’® Other variables that 
predict mortality, such as ventricular arrhythmias or 
episodes of silent ischemia, vary greatly from one re- 
cording to another in any single person.?!° 
Fourteen normal subjects underwent 24-hour ambu- 
latory electrocardiograms including baseline and place- 
bo-medicated recordings. No subject took medications: 


only | received a placebo. The questions we addressed- 7 S 
were: (1) Is there any placebo effect? (2) How repro- = 


ducible are the variables that measure heart period 
variability both in the group as a whole and in individu- 
al subjects? (3) How are time and frequency. domai g 
measures of heart perna variability. correlated in nor- 











recording) and the ne ad 


ecording). The 14 sub- pe 
y (10 men, 4 women, aged 25 _ 


ects scrolled i in the stu 
to 55 years) were normal, healthy volunteers, Each 
- subject supplied a medical history and underwent a 
physical examination by one of the investigators in or- 
der to exclude those with asthma, diabetes, heart dis- 





_. ease, hypoglycemia, renal failure or serious systemic 


disease. 
The protocol was approved by the institutional com- 


: mittees on human research at Columbia Presbyterian 


© Medical Center in New York and the Jewish Hospital 


~ of St. Louis. 


Fourteen patients had placebo and baseline record- 
ings: 7 in <18 days and 7 in 218 days apart. Four 
placebo recordings were obtained before the drug-free 
recordings and 10 afterwards. The intervals between re- 
cordings ranged from 3 to 65 days. 

Analysis of the twenty-four-hour electrocardio- 
graphic recordings: The Holter recordings were ana- 
lyzed at Columbia University using the Marquette 
8000 scanner running version 5.7 of the Marquette ar- 
rhythmia analysis program, to identify and label each 
QRS. The derived data file was reviewed and edited. 
The review analyzed a frequency histogram of normal 
cycle intervals and electrocardiograms of the intervals 
in both tails of the cycle length distribution. The 20 
_longest and 20 shortest cycle lengths and the cycle with 
the greatest difference in length was reviewed by a 
physician. The labeled QRS data stream was moved 
through a high-speed interface to a Sun 3/160 Micro- 
computer where the data were analyzed. 

Measures of HR variability were calculated and 
printed for the entire 24 hours and from 7:30 to 21:30 
(daytime) and 00:00 to 05:00 (nighttime).?8 One-min- 
» ute average normal cycle lengths* were calculated for 

each real-time minute of the 24-hour recordings and 
maximal and minimal values determined. Each print- 
out, including electrocardiogram strips showing the 
largest difference in successive cycles, the largest and 
smallest normal cycle intervals, and atrial arrhythmias, 
_ was reviewed separately by 2 investigators. The time 
= domain measures analyzed for reproducibility included 
mean normal cycle interval for 24 hours, mean day cy- 
cle interval, mean night cycle interval, and mean night / 
day difference, as well as the cycle length variability 
(standard deviation of all normal cycle intervals) and 
> the mean and standard deviation of the 5-minute nor- 
<- mal cycles. 

`- - Analysis of successive normal cycle intervals: Dif- 
ferences between successive cycle intervals provide an 


ex of. parasympathetic: soa, ae af AiG rs a 


variability aoe Pa Uk series, was cak 
using the formula of von Neumann et al.!4 
Power spectral analysis of normai cycle interva ‘ 
We computed a HR power spectrum for 5-minute. seg 
ments of the 24-hour recordings. Annotation data fror 
the Holter system allowed the exclusion of segment 
with atrial or- ventricular premature complexes from th 
analysis. The remaining 5-minute segments were sub= 
mitted to subroutines that computed the power spectra 
of the normal cycles. The methods used for spectral 
analysis have been described previously.!5-!8 A continu- 
ous normal cycle interval function was derived from the. 
intervals by filtering and ‘sampling the recordings at 4 
Hz. The cycle interval rather than instantaneous HR 
was analyzed to establish correspondence with the time 
domain measures used in this study. Bartlett’s proce- 





dure was used to average fast Fourier transforms of 


sequential 5-minute segments of the cycle interval func- y ; 
tion over 24 hours.!* Power spectra were quantified by — 
the area (power) in 2 frequency bandwidths: 0.04 to. 
0.15 Hz (low-frequency power) and 0.15 to 0.40 Hz _ 
(high-frequency power). The high-frequency power, 
low frequency power, and total power (power in the 
band width of 0.003 to 0.40 Hz) were calculated.!7-!9 


Statistical methods: Total low- and high-frequency — a 
power values were log-transformed because the distri- 


butions were strongly skewed toward large values. All 
other variables were analyzed as measured. E 
A paired z test was used to compare baseline mea- > 
surements to placebo measurements, providing infor- 
mation concerning mean HR variability differences be- 


tween baseline and placebo recordings. The intraclass oe 


correlation coefficient was calculated to measure the 
strength of the association between baseline and place- 


bo measurements for each variable. This statistic is a 


measure of intrasubject reproducibility.2° The intraclass 
correlation coefficient was calculated using results of a 
l-way random effect analysis of variance. The standard 
error of measurement (SEM) (the square root of the- 


error-mean-square from the analysis of variance) was . 


also calculated and has the following uses: (1) If X 
denotes a subject’s measured value on | variable, and 
the measurements are normally distributed, and SEM 
denotes the variable’s standard error of measurement, 
then with 95% confidence the subject's underlying 
steady-state value lies within the interval X + 0 
SEM; and (2) if change is studied, and limits are spe 
fied pees ae one may, be confident that ae 



















Average NN iaserval for 24 hours (ms) 
~ Average daytine NN interval (ms) 
< Average nighteme NN interval (ms) 


24-hour stanMard deviation of NN intervals (ms) (CLV) 166 

<.. pNN50 (%) 30 
Root-mean-seware successive d ifference (ms) 52 
Mean + SD o?5-minute NN intervals over 24 hours 81 
Night/day difference in average NN interval (ms) 243 
Ln total power 20.003—0.40) (ms?) 8.64 
Ln jow-frequeczy power (ms?) 7.45 
Ln high- -frequency power (ms?) 6.67 







i entire 24-hour etectexardiographic recording; SD = standard deviation. 


; TABLE ii Intraz:ass Correlation Coefficients and Standard Error 
| of Measurement{n = 14) 






Variable 











































Average NN intesvai for 24 hours (ms) 0.9 33 
Average daytime NN interval (ms) 0.9 27 
Average nighttire NN interval (ms) 0.7 73 
24-hour standa deviation of NN intervals (ms) 0.7 18 
pNN5O (%) 0.9 4 
Root-mean-squase successive difference (ms) 0.9 8 
Mean + SD of &ninute intervals over 24 hours 0.9 8 
Night/day differzace in average NN interval (ms) 0.3 20 
~ Ln total power Crs?) 0.89 0.18 
Ln low-frequency power (ms?) 0.91 0.16 
Ln high-frequerzy power (ms?) 0.84 0.28 











: iCC = intraclass zerrelation coefficient; SEM = standard error of measurement; 
other abbreviations aun Table Í. 


_ limits are + 196 X 1.41 SEM, or approximately + 3 
— SEM. 

= The effect of time between the 2 recordings was also 
analyzed. The intraclass correlation coefficient between 
‘baseline and pacebo measurements was calculated for 
ubjects when recordings were obtained within 18 days 
ind compared with subjects in whom the interval be- 
ween recordi igs was 218 days. 





RESULTS 

. - Baseline ad placebo measurements were obtained 
or 14 normal subjects. The time between first and sec- 
d Holter rex rdings soe from 3 to 65 a p 















CLV = cycle lengté variability; Ln = natural logs NI NN = normal cycle interval; pNN 50= percentage of differences between adjacent normal cycle intervals > 50 ms computed over the 










-cycle interval, which has the lowest intraclass correla- ` 


32 165 38 

14 27 13 

23 52 20 

24 82 23 

84 245 76 
0.51 8.63 0.55 
0.50 7.43 0.53 
0.73 6.68 0.70 













TABLE tH! intraclass Correlation Coefficients and Standard | 
Error of Measurement by Time Separating Baseline and Placebo 
Measurements ; 
















er > 18 Days 












Variable ICC 





















Average NN interval for 24 hours (ms) 0.9 25 0.9 39 

Average daytime NN interval (ms) 0.9 -22 0.9 30 

Average nighttime NN interval (ms) 0.7 65 0.6 81 

24-hour standard deviation of NN intervals 0.7. 13 0.7 22 
(ms) 

pNN50 (%) 09 3 0.9 5 

Root-mean-square successive difference 0.9 5 09 9 
(ms) 

Mean + SD of 5-minute NN intervals over 1.0 4 0.9 10 
24 hours 

Ln total power (ms*) 0.94 0.10 0.84 0.23 


Ln low-frequency power (ms?) 0.93 0.11 0.88 0,19 
Ln high-frequency power (ms?) 0.90 0.13 0.75 0.35 


Abbreviations as in Tables fand I. 


cle length, percentage of difference between adjacent — 
normal cycle intervals >50 ms computed over the en- ` 
tire 24-hour electrocardiographic recording and root- `- 
mean-square successive difference. Intraclass correla- 
tion coefficients ranged from 0.88 for root-mean-square 
successive difference to 0.92 for mean day D length 
interval. 

Even the night /day difference in average ama 









tion coefficient (in any single individual its measure- 
ment could vary greatly from. recording. to recording), = 
had nearly identical mean and standard deviations for 
baseline and placebo recordings, demonstrating its use- : 
fulness as a measure of HR variability in the group.: 
Table III presents correlation coefficients betwee 
baseline and r meua for variables ; 


> pNNEO 


0.96 
0.78 
0.52 
0.84 
0.87 
0.76 
9.97 
0.94 
0.91 
0.98 


a Night /day difference 
Average NN interval for 24 hours (ms) 


Average nighttime NN intervai (ms) 
Average daytime NN interval (ms) 
Mean + SD of 5-minute NN intervals over 24 hours (SDNN index) 
Total power 
_ | Low-frequency power 
=f High-frequency power 


0.93 
0.88 


| Low-frequency power 
oy ‘High-frequency power 


Total Power 


0.71 
0.36 
0.89 
0.84 
0.88 
0.94 
0.92 
0.81 
0.92. 


0.78 
0.80 
0.92 
0.66 
0.85 
0.87 
0.85 0.71. 0.72 
0.68 045 — 0.74. 
Low Frequency: Power 


0.40 
0.72 
0.19 
0.53 
0.57 


0.92 
0.97 
0.89 
0.86 


0.89 


NDDiff = night/day differences; -MSSD = = root-mean-square successive difference, RR = RR interval between normal beats: RR p= RR interval, day; RR.N = RR interval, night; i 
SONNIDX = average of the standard deviations of all 5-minute segments over 24 hours; other abbreviations as in Tables I toti. | | 


The relation between time and frequency domain 
measurements of HR variability for the baseline re- 
cordings is shown in Table IV. These findings were 
essentially duplicated with placebo. Correlations >0.9 
were seen between root-mean-square successive dif- 
ference, percentage of differences between adjacent 
normal cycle intervals >50 ms computed over the en- 
tire 24-hour electrocardiographic recording, and high- 
frequency power — all measures of vagal tone. Low- 
frequency power over 24 hours correlated with root- 
mean-square successive difference (0.9), high-frequen- 
cy power (0.9), and percentage of differences between 

~ adjacent normal cycle intervals >50 ms computed over 

the entire 24-hour electrocardiographic recording (0.8), 
clearly showing that 24-hour low-frequency power is 
also strongly dependent on vagal tone in these normal 
subjects. Total power over 24 hours also strongly corre- 
lated (>0.09) with the aforementioned. variables and 
with high-frequency power and root-mean-square suc- 
cessive differences. On the other hand, cycle length 
variability had a weaker correlation of only 0.7 with 
high-frequency power, implying that cycle length vari- 
ability is influenced by nonvagal factors. 

Mean and standard deviations of all normal cycle 
intervals for all 5-minute segments of a 24-hour electro- 
_ cardiographic recording index, unlike cycle length vari- 

ability, showed correlations of 20.9 for the time do- 
main measures; this reflected vagal tone and all spectral 

_ measures, particularly total power, where the correla- 
tion was 1.0. 








< DISCUSSION 
There is increasing interest in the evaluation of 
“autonomic tone in a variety of medical conditions, par- 
icularly acute and chronic coronary syndromes. Vari- 
techniques have been used,°!!,2!.22 including short- 
easurements of respiratory sinus arrhythmia,” 












on of baroreceptor sensitivity, CHR esponse ae 


time domain or fregiiéney, domain measures of HR © 
variability.!~7.1.17.19.24 Cycle length variability has pre- ~ 
dicted mortality in a large postinfarction population.5 — 
Bigger et al,’ in subset analysis of postinfarct patients, « 
demonstrated that low cycle length variability (<50 _ 
ms) or high cycle length variability (2100 ms) corre- 
lated strongly with other time domain measurements. _ 
Lombardi et al,'? reported a decrease in high-fre- 
quency power and increased low- to high-frequency 
power ratio in patients after infarct. Bigger et al,!©in 
clinical and experimental studies, found that both baro- ; 
ceptor sensitivity and electrocardiographic-derived mea- 
sures of HR variability, such as cycle length variability, 
decrease after infarction, but the correlation of these. _ 
measurements is not strong. Thus, cycle length variabil- 
ity and other electrocardiographically derived measures S 
of HR variability are not surrogates for baroreceptor 
sensitivity. eee 
To date, there are few data on these measures in 
normal subjects. We have shown in the present study _ 
that both time and domain frequency measures of HR 
variability are virtually identical when measured at pla- 
cebo and baseline intervals. Our data also show that for 
most of the measured variables, the intraclass correla- = 
tion coefficient, which is a measure of individual vari- 
ability, exceeds 0.8. Thus, not only group but also indi- 
vidual measurements are remarkably stable, in contrast 
to other electrocardiographic-derived variables, such as - 
ventricular premature complexes or episodes of silent 
ischemia.™° Because the intraclass correlation coeffi- 
cients were similar in subjects whose recordings were 
obtained within 18 days compared with those in which 
the intervals between recordings were 218 days, we 
conclude that these measures are e essentially const 1 
during the Study Tange 65. | | 
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1 ed tha i the percentage of diftetences between ad- 
jacent norma. cycle intervals >50 ms, computed over 
the entire 24-hour electrocardiogram recording, root- 
xean square successive difference and high-frequency 
power, have very strong positive correlations with total 
and low-fregaency power. Short-term low-frequency 
power has been shown to be highly dependent on sym- 
pathetic tone.!3.!92! However, our study demonstrates 
that low-frecaency power calculated over 24 hours is 
apparently irfluenced by vagal tone in normal subjects. 
Cycle length variability, which is influenced by high- 
- and low-freqwency powers and also very slow circadian 
` fluctuations, shows considerably weaker correlations 
~ with other HR time and frequency domain variables. 
Thus, these variables cannot be used as surrogates for 
cycle length sariability. 

We concide that HR variables measured in this 
study are suicable for intervention studies because of 
their stability, over time, lack of placebo effect and 
marked individual reproducibility. In addition, certain 
time domain variables can act as surrogates for the fre- 
quency doma.n variables. 
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Al 2-week, multicenter, double-blind, random- 


147 patients with congestive heart failure to de- 


- termine clinical efficacy and safety. Patients 


were randomized to placebo or 2, 5 or 10 mg of 
were maintained on their standard therapy in- 
cluding diuretics, digoxin and an angiotensin- 
converting enzyme inhibitor. The mean ejection 


-fraction was 23 + 10%. Exercise time increased 


from baseline in all 4 groups. There was no sig- 
group and any of the treated groups with regard 
to exercise time, ejection fraction, frequency of 
ventricular premature complexes or ventricular 
tachycardia. When analyzed by intent to treat, 
_. the placebo mortality was 7% (3 of 44) and the 
_: imazodan mortality was 8% (8 of 103) (p = not 
significant). This study failed to demonstrate 


that imazodan provided any benefit in exercise 


performance when compared with placebo. 
(Am J Cardiol 1991;68:631-—636) 
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st of investigators, = 


of vasodilators,’ especially the angiotensin-converting — 








=q he optimal treatment of congestive heart failure 
(CHF) remains a major clinical issue despite 
_ treatment with digitalis and diuretics. The use 





enzyme inhibitors,2> have improved both symptoms 


and prognosis. Nevertheless, the mortality. of patients- 


with advanced CHF remains high and many patients’ 
continue to be severely symptomatic despite medical 
therapy. Type II phosphodiesterase inhibitors may- 
provide an alternative or additional treatment for CHF. — 
These agents have demonstrated hemodynamic efficacy 
in. the acute setting.4!° However, long-term trials 
studying the effect on exercise performance have gener- 
ally been disappointing.!!-!6 Me 
Imazodan hydrochloride (CI 914), a selective inhib- 
itor of type III phosphodiesterase, blocks the degrada- 
tion of cyclic adenosine monophosphate leading to in- 


creased intracellular concentrations, thereby increasing 


myocardial contractility. Imazodan also acts as a pe- 
ripheral vasodilator in a variety of animal models.” Ini- 
tial human studies® indicated that after intravenous or — 
oral administration of imazodan, cardiac output ine- 
creases and pulmonary capillary pressure and systemic- 
vascular resistance decrease. Pharmacokinetic studies — 
suggested a half-life of 15 to 25 hours, allowing twice- 
daily administration. : 
The primary objective of this study was to deter- 
mine whether, during a 12-week period, | or more dos- ~ 


ing regimens of orally administered imazodan were 
more effective than placebo at increasing exercise time- 


on a treadmill in patients with moderate to severe: 
chronic CHF. 


METHODS , | 
Patient population: The study was designed to enroll” 
160 patients. Recruitment was discontinued after 147 
patients were randomized after an analysis of the initial 
80 patients indicated that a positive effect of the drug 
was unlikely to be achieved. Each patient was required 
to provide written informed consent, be aged >18 and 
<75 years and have chronic CHF in which dyspnea 











a Timan. 
2 mg BID 
{n = 34) 










2784 039 


































Men 128 (87) 39 (89) 32 (94) 30 (81) 
Age 59 + 9.7 57.5 + 9.8 59.6 + 12.2 60.9 + 7.2 58.3 + 9.2 0.43 
NYHA 0.28 

Class tl 72 (49) 22 (50) 12 (35) 18 (49) 20 (63) 

Class IV 7 (5) 240) 1 (3) 3 (8) 1 (3) 

Etiology 0.19 

CAD 78 (53) 20 (45) 23 (68) 20 (54) 15 (47) 

SH 16 (11) 7 (16) 0 (0) 5 (14) 4 (13) 

IDC 35 (24) 12 (27) 7 (21) 10 (27) 6 (19) 

Other 18 (12) 5 (11) 4 (12) 2 (3) 7 (22) . 
Exercise time(s) 506 + 145 529 + 152 526 + 128 462 + 160 502 + 127 0.18 
Ejection fracton (%) 23 +10 24+ 11 2227 20 +9 25+11 0.18 

_Holter : 

VPCs/howe 153 + 253 189 + 270 170 + 313 106 + 185 140 + 228 0.52 

24-hour + 86 + 12 88+ 11 85+ 11 84+ 13 85 +12 0,36 

V runs/da. 2.3+9.2 4.7 + 14,1 £2.5 2.2 +90 0.5 + 0.9 0.19 
Concurrent 

medicetons 

Digitalis 124 (84) 38 (86) 27 (79) 32 (86) 27 (84) 0.83 

Lasix dose 91 + 67 98 + 73 86 + 68 91 +61 87 + 65 0.86 

mg/day : | | 

ACE inhikiors 81 (55) 25 (57) 20 (59) 20 (54) 16 (50) 0.90 




























not increasec from that taken during the placebo base- 
line phase. Women with child-bearing potential were 
excluded. 

Study design: This study was a double-blind, paral- 
lel-group cormparison of imazodan therapy (2, 5 and 10 
mg, adminis:zred twice daily) with placebo in patients 
with chronic CHF. The study began with a 2- to 4- 
week, single-blind, placebo phase during which routine 
laboratory axi cardiac studies were performed. 

_ During tæ baseline phase, treadmill exercise tests 
were performed each week using the Naughton proto- 
“scol modified by Weber et al.!8 Before randomization, 2 
= consecutive symptom-limited maximal exercise toler- 
cance tests hed to be performed between 4 and 12 min- 
utes and had :o be reproducible to within 10%. Patients 
were then readomly assigned to 1 of the 4 treatment 
‘groups and were evaluated every week for 12 weeks. 
Exercise tests were performed at baseline and at weeks 
-4, 8 and 12. Ejection fraction was measured by gated 
radionuclide angiography at baseline and 12 weeks. 








“at baseline and weeks 1, 4 and 10, and were analyzed 
ata central ste (Cardiodata Inc.). Each tape was ana- 
lyzed for avzrage 24-hour heart rate, ventricular pre- 
mature com-dexes per hour and ventricular runs (>4 
ee ts at a reise e > 100 ton 0 pon 















“Twenty-four-tour Holter monitorings were performed 


ACE = angiotens1-converting enzyme inhibitors; BID = twice daily; CAD = coronary artery disease; HR = heart rate; DC = idiopathic dilated cardiomyopathy; NYHA = New York 
Heart Association-«’ther = valvular disease (5), congenital heart disease (3), heart disease not specified (10); SH = systemic hypertension; VPCs = ventricular premature complexes; 
V runs = ventriculac runs > 4 beats at a rate > 100 beats/min. 





which imazodan could be initiated or increased for 
symptomatic relief of CHF. 

Differences in baseline variables between treatment 
groups were analyzed by chi-square analysis for discon- 
tinuous variable and analysis of variance. Changes in 
exercise times, ejection fraction, 24-hour heart rate, fre- 
quency of ventricular premature complexes and ventric- 
ular runs were analyzed by | factor analysis of variance 
using treatment group as the independent factor. A p- 
value <0.05 was considered significant. Definitions _ 
from the Cardiac Arrhythmia Pilot Study!? were used 
for determining proarrhythmia. ea 

Results were analyzed by intent to treat and also by... 
end point analysis of the last laboratory determinant 
before the time the double-blind phase was broken be- 
cause of increased symptoms or death. For the double- 
blind phase and through 84 days, the relation of the 
‘treatment group to survival was examined by estimat- _ 
ing survival curves for each treatment using the prod- 
uct-limit method of Kaplan and Meier. The equality of 
the 4 survival distributions was tested by the log rank _ 
(Mantel-Cox) statistic. ee 

Data collection was aoni by Parke-Davis’ = 
Pharmaceutical Research Division. Data were analyzed 
at the Division of Cardiology, Henry Ford Heart and. 
Vascular Institute with the assistance of the Depart- 
ment of Biostatistics, ids Ford Hospi a 
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the safety data. The members of the committee were 
unaware of patient characteristics and had access to the 
dose of drug each patient was receiving, description of 
deaths and other adverse events, 24-hour Holter moni- 
tor results and clinical laboratory findings. 


RESULTS 

The baseline characteristics of the 147 patients who 
entered the study are listed in Table I. The treatment 
groups were similar with respect to all baseline demo- 
graphic variables (Table I). 

Exercise response: Increases in exercise tolerance 
were seen in all groups compared with baseline (Figure 
1). There was no significant difference between the 4 
treatment groups in the change in exercise time from 
baseline to weeks 4, 8 and 12 (Table IL). There was no 
significant change in ejection fraction between the 
treatment groups during the study period (Table III). 

Of the 146 patients who were classified by New 
York Heart Association class during both baseline and 
double-blind phases, 122 (84%) remained in the same 
class, 12 patients (8%) improved, and 12 were worse. 
There was no significant difference in class change be- 
tween the 4 treatment groups (p = 0.7). 

Arrhythmias: In the imazodan 5- and 10-mg 
groups, a significant increase in 24-hour average heart 
rates was observed at 1, 4 and 10 weeks (Table IV). 

No significant change occurred in the average fre- 
quency of ventricular premature beats per hour (Table 
V) or runs of ventricular ectopic beats compared with 
baseline in any treatment group at 1, 4 or 10 weeks. 
According to the Cardiac Arrhythmia Pilot Study!® 
definitions there were 15 patients who had proarrhyth- 


FIGURE 1. Change in exercise time during 
the follow-up period in the groups taking 
placebo and 2.5, 5 or 10 mg of imazodan 
twice daily. *p <0.05 change from base- 
line 


Seconds 


ee a Ee i ms 


TABLE II Change in Exercise Time (seconds) from Baseline 


Visit Imazodan Imazodan Imazodan p 
(week) Placebo (2mgBID) (SmgBiD) (10 mgBiD) Value 


4 24+108 83+79 75121 32+123 0.08 
8 45+114 65+103 67+127 0+127 0.16 
12 48+158 83+129 99+128 52+161 0.58 























TABLE tll Change in Ejection Fraction (%) 


Imazodan Imazodan 
(2 mg BID) (5 mg BID) 


31 29 28 
Baseline (%) 26+11 21+8 22+9 25+ 12 
End point (%) 24+11 22+9 22+ 12 25+14 
Difference (%) -24+9.9 0+65 0.25+69 -0.09+67 
p Value 0.18 l 0.85 0.95 


TABLE IV Change in Average 24-Hour Heart Rate 


Imazodan Imazodan Imazodan 
Week Placebo (2 mgBID) (5mgBID) (10mgBID) Value 


15+47 05+60 48+74 48+60 <0.005 
-0.5+ 6.6 20+90 43+88 64+7.0 0.005 
-2.2 + 6.6 -0.2+67 4.3 +10.6 6.0 +10.3 <0.005 


Imazodan 
(10 mg BID) 


23 


Placebo 
No. of pts. 



















mia on the week 1 Holter. These were distributed even- 
ly through the 4 treatment groups. 

Safety: Patient withdrawals during the double-blind 
phase are listed in Table VI. There was a tendency for 
greater withdrawal from the placebo group for lack of 
efficacy than from the imazodan treatment groups. No 
adverse effects related to imazodan were reported. In- 
vestigators reported 7 patients with severe adverse ef- 
fects requiring withdrawal from the study: These in- 
cluded stomach irritation, resuscitated sudden death, 
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170 + 313 





“189 + 270 


190 + 237 188 + 327 
Week 4 221 + 287 189 + 373 
197 = 266 167 + 339 





ABLE Vi Reasons for Patient Withdrawal During 
ouble-Blind Treatment and Numbers of Patients Completing 
the 12-Week Period 









imazodan imazodan imazodan 
Placebo (2 mg BID) (5mgBID) (10 mg BID) 


: Death 





















































0 0 4 3 

Adverse experieace 2 0 3 2 
Lack of efficacy 3 l 0 0 
Concurrent illness 2 2 0 1 
“Other withdraws! 6 2 6 4 
. Completed weet. 12 32 30 26 22 


lightheadedness and headache, nausea, anorexia and 
weakness, postural dizziness and hypotension, worsen- 
ing CHF and ventricular arrhythmias. 

There weæ 13 patients with ventricular arrhythmias 
-reported as adverse events by the investigators. Of 
these, 6 were receiving placebo, | was receiving imazo- 
dan 2 mg, 4 imazodan 5 mg and 2 imazodan 10 mg 
twice daily. 

-© By intent-to-treat analysis the mortality in the pla- 
-= cebo group was 7% (3 of 44) and in the imazodan 
-groups 8% (& of 103) (p = not significant). During the 
-= double-blind phase of the study there were 7 deaths, 5 
of them sudden. Four deaths occurred in the imazodan 
5 mg and 3 in the imazodan 10 mg groups. There were 
4 additional deaths during the 12-week period in pa- 
tients who were withdrawn from the double-blind 
phase. Three were originally in the placebo group and 
at the time cf death | of these was taking imazodan 5 
g and anotaer 15 mg twice daily. One was initially in 
e imazodan 10-mg group, but was withdrawn while 
yspitalized «or CHF and died 11 days later. Patients 
ho died had lower ejection fraction (14 vs 23%, p 
0.02), lower baseline exercise times (379 vs 512 sec- 
onds, p <0.@2), and were less likely to be taking an 
ngiotensin-converting enzyme inhibitor (14 vs 57%, p 
03). 









ISCUSSION 
: his study examined the efficacy and safety of a 
pe LIF shosphodiesterase inhibitor over a range of 












capacity or symptoms compared with placebo. 


W-Up, exercise per 








106+ 185 _ 140 + 228 a: 


143-2 179 109 + 158 0.49" 
163 4-172 98 + 114 0.33 
163 + 253 122 + 172 0.82 















The drug appeared to be well tolerated. Frequency of 
ventricular ectopy did not increase, although there was 
the increase in heart rate seen in the patients taking the 
larger doses of imazodan. The cause of this chrono- 


-tropic response has not been previously described and 


warrants further investigation. 

Previous studies with imazodan (CI-914),® its ana- 
log C1-930° and other phosphodiesterase inhibitors in- 
dicate that intravenous and oral therapy results in an 
increase in cardiac output and a reduction in peripheral 
vascular resistance. Although most studies suggest that 
these drugs have a positive inotropic action, it is diffi- 
cult, in humans, to separate the effect on contractility 
from the direct vasodilatation. Patients treated with CI- 
930° were observed to have an increase in frequency of 
ventricular ectopy which was not found in this study. 

Other phosphodiesterase inhibitors have been evalu- 
ated for the treatment of chronic CHF. Amrinone* and 
milrinone,’ both bipyridine derivatives, have significant 
inotropic and vasodilator effects in the acute setting. 
The effects of long-term amrinone therapy on exercise 
performance have been disappointing. Massie et al!’ 
compared amrinone with placebo in 99 patients with 
chronic CHF and found no difference in exercise ability 
over a 12-week period. A multicenter placebo-con- 
trolled comparison of milrinone with digoxin! found an 
improvement in exercise performance in patients given 
either milrinone or digoxin when compared with place- 
bo, but no additional benefit to the combination of mil- _. 
rinone and digoxin. = 

Enoximone® and piroximone,’ like imazodan, are `- 


imidazol derivatives with acute hemodynamic effects- 


similar to amrinone and milrinone. Whereas there have 
been numerous acute and chronic studies of enoxi- — 
mone2? in patients with heart failure, few have been — 
controlled. Uretsky et al,!® in a study of 102 patients 
with chronic CHF, found no improvement in exercise 


The design of this study: would have permitted ; 
analysis of mortality over 12 weeks although the pow 
was not calculated for studying survival. Howev. 
tients who discontinued the double-blind stud; 

















doub blind phase were in patients taking large ‘doses 
of imazodan i is disturbing. The effect of phosphodiester- 
ase inhibitors on survival has not been studied in a rig- 
-orous manner. Most of the initial hemodynamic studies 
were conducted in patients with severe heart failure in 
whom the expected mortality was high. In the few pla- 
cebo-controlled studies,!>1316 as in this study, there has 
jeen a disturbing and consistent trend toward increased 
“mortality in the treatment group. Colucci?! reviewed 
571 patients enrolled in 3 placebo-controlled studies of 
milrinone and concluded that there was no evidence for 
an adverse effect of that drug on mortality. In the larg- 
est of these studies, however, there was a trend (p = 
0.08) toward reduced survival in the milrinone-treated 
group. The investigators attributed this to a baseline 
imbalance in ejection fraction which suggested that 
= milrinone was given to a sicker population. After post 
hoc adjustment of this covariant, the trend toward in- 
creased mortality was no longer present. Recently, a 
mortality study of milrinone in patients with class III 

and IV heart failure was prematurely terminated be- 
cause of increased mortality in the milrinone-treated 
group (Schwartz R, personal communication, Sterling 
Winthrop, Inc.). Uretsky et al'® found a higher mortal- 

ity in enoximone-treated patients than in a placebo- 
treated group. This increase in mortality was signifi- 
cant when the study was analyzed by double-blind (p 
<0.05) or intention-to-treat (p. <0.05) analyses. In our 

=- study, the increased mortality rate was observed in the 

~ large dose ranges, suggesting a dose effect. 
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T.A. Don Michael, MD, P.F.N. Perera, MD, T. Is 
mori, MD, L. Heller, MD; Hahnemann Medical Col 
lege, Philadelphia, PA: M. Likoff, MD: Henry Ford: 
Hospital, Detroit, MI: A.D. Goldberg, MD; LA Coun 
ty/USC Medical Center, Los Angeles, CA: P.A: 
Chandraratna, MD; Michael Reese Hospital & Medi 
Center, Chicago, IL: K.T. Weber, MD: Millard F 
more Hospital, Buffalo, NY: A. Goldfarb, MD, R. 
Thomas, Pharm.D.,.A. B. Celnarowski, Pharm. D l 
















| cater, ‘Washington, C : S. N. ‘Singh, "MD, 
S. Gottdiener, MD; West Pennsylvania Cardiology — | 
\ssociates, Pittsburgh, PA: F. Porkolab, MD, R.L. ences Bide. Michig: 
Heppner, MID, B.L. Alpert, MD. | MI 48824. ; 















Vhe: èn Used a Emergency Aortic Val | e ; 


_ Replacement for Active Infective Endocarditis | 


Flavian M. Lupinetti, MD, and John H. Lemmer, Jr., MD 





Aortic valve replacement (AVR) using allografts 
-is an established method of treating aortic valve 
- disease. It is uncertain, however, whether the in- 
creased technical demands of allograft AVR can 
be justified in emergency operations. This study 
reports 15 patients treated between 1987 and 

1990 for acute bacterial or fungal endocarditis 
involving the aortic valve. Patients underwent 
emergency AVR because of severe congestive 
failure, overwhelming sepsis or cerebral emboli. 
Eight patients received prosthetic valves (group 
i: 4 mechanical, 4 porcine) and 7 received human 
_ allografts (group il: 5 aortic and 2 pulmonary). 

_ The groups were comparable in age (group I, 55 
years; group li, 51 years), intravenous drug 
abuse (group I, 1; group Il, 3), and previous 
RON AVR (group I, 3; group Il, 2). One group | and 4 
group Hl patients had septal abscesses. Addition- 
al procedures in group | included mitral valve re- 
`- placement (2), tricuspid valve replacement (1) 


and aortic root replacement (1). Additional pro- 


cedures in group Il were mitral valve repair (1), 
root replacement (1), atrial septal defect closure 
(1) and aortocoronary bypass (1). Mean bypass 


T” times (group I, 189 minutes; group Il, 204 min- 


utes) and cross-clamp times (group |; 108 min- 
_ utes; group ll, 121 minutes) were similar. Oper- 
__ ative deaths occurred in 4 of $ group I and 1 of 
7 group Il patients. All surviving patients have 
been successfully followed (group |, 28 months: 
group ll, 18 months). No group I patient has re- 
quired reoperation. One group Il patient required 
reoperation for recurrent infection affecting the 
allograft, and another group li patient died 10 
-4 months postoperatively from noncardiac causes. 
All other group Il patients are alive and well with 
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functioning allografts. AVR with allografts can 
be performed safely in this high-risk patient pop- i 
ulation. ; 
(Am J Cardiol 1991;68:637-641) | 


rthotopic aortic valve replacement (AVR) us- ~ oe 
O ing a human valve allograft was first per- 
formed by Ross in 1962.! Lau et al? and Man- 


has et al? extended this operation to the treatment of 
endocarditis. Since then, several groups have reported 


their experience with this technique.** Allografts may - 7 
be the preferred substitute for acutely infected aortic: 


valves because of their resistance to infection. 8 De- 
spite the successes of allograft AVR for endocarditis, it 
is likely that most patients requiring emergency opera- 
tion in this setting are treated with prosthetic valves. It 


is possible that some surgeons question the appropriate- a 
ness of performing a more technically demanding pro- 


cedure on a critically ill patient. In such a patient, the 
additional time required for proper insertion of an allo- 
graft may be thought to compromise the chances fora 
successful outcome. To evaluate these questions, we 
have reviewed our results with emergency AVR for en- 
docarditis. 


METHODS 


Patients: The records of patients undergoing AVR = = 


for endocarditis between 1987 and 1990 at | institution 
were reviewed. Patients with valvar disease resulting 
from previous endocarditis that had resolved by the 
time of operation, patients treated for an extended peri- 
od with antibiotics to permit AVR under better condi- 
tions, and patients with negative blood and valve cul- 
tures at operation were excluded from the study. All 


patients included in this series required emergency op- = 
eration for | or more clinical criteria: intractable con- 


gestive failure, overwhelming sepsis, or documented ce- 
rebral emboli attributed to valvar vegetations. Records: 
were examined for Preppetative oan includir 
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ON Anbwne| of: 


AVR = aortic vawe replacement; C, = candida; iv. = 


Pt. No. 


Replacement 
waive 


Porcine 
orcine 
~orcine 
Mechanical 
Mechanical 
Mechanical 
“Mechanical 
Porcine 


Allograft PV 
‘Allograft AV 
Allograft PV 
Allograft AV 
Allograft AV 


“Allograft AV 


Allograft AV 


Aortic stenosis 
Previous AVR 


i.v. drug abuse 
Aortic stenosis 
0 


= Previous AVR 


Previous AVR 
iv. drug abuse 


Aplastic anemia; 
Hickman catheter 
Previous AVR 


Aortic stenosis 


Atrial septal defect 


i.v. drug abuse 
Previous AVR 


- Lv. drug abuse 


Bypass 
Duration (min) 


Blood Cultures 


- S. aureus 
S. aureus. 
Str, sanguis 
Str, bovis 
Str. hyacis 
S. aureus 
S, aureus 
S. aureus 


Str, faecalis 
C. albicans 
Str. faecalis 
S. aureus 


Str. faecalis 
S. aureus 


S, aureus 


ischemia 
Duration (min) 


‘Congestive failure 
-Congestive failure 
Sepsis _ 
Congestive failure 
Congestive failure 
Congestive failure 
Sepsis 
Cerebral embolism 


Group I! 


Congestive failure | 
Sepsis 

Cerebral embolism 
Cerebral embolism 


Congestive failure 
Congestive failure 


Congestive failure 


intravenous; RA = right atrial; S = staphylcoccus; Str. = streptococcus. 


Other Procedures 


Mitral vaive replacernent 
Aortic root replacement 
Mitral valve replacement 
Tricuspid valve replacement 


_ Group ll 


Mitral valve repair 
0. + 
Aortocoronary bypass X2 
Atrial septal defect closure 
0 


Aortic root replacement 
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“AV we aortic FG AVR = ‘aortic Valve replacement po= postoperatively By a pulmonary valve, 


Vegetations 
Abscess 
Vegetations 
Vegetations 
Vegetations 
Vegetations. 
Vegetations 
Vegetations 


Abscess 


Vegetations 
Vegetations — 
Abscess 


Atrial septal defect 


Abscess 
Abscess 
Aorta-RA fistula 


_ Vegetations 


Operative 
Result 


Died 
Died 
Survived 
Survived 
Survived 
Died 
Survived 
Died 


Survived 
Died . 
Survived 
Survived 
Survived 


Survived 


Survived 


Not performed ~ 
Gram + cocci =. 
Gram + cocci 
Not performed 
Gram + cocci © 


Not performed | 


Gram + cocci 
Gram + cocci 


Not performed ` 


Yeast forms _ 
Gram. + cocci- 


Gram + cocci ~ 


Gram + cocci. 


Gram + cocci. 


Long-Term Result 


Alive and well 25 mo. po 
Alive and weil 26 mo. po 
Alive and well 26 mo. po 


tater 


Alive and well 34 mo. po 


Manama: 


Alive and well 21 mo. po 


evens: 


Alive and well 8 mo. po — - 


. Alive and well 13 mo. po 
. Alive; late repeat AVR z 


: 24 mo. po 


` Died 10 mo. po of 


noncardiac causes — 


` Alive and welt 18 mo. po © 


Not performed | 


allograft was aenda had an aortic anias tial e 
ceeded the size of any available allograft: This patient 
therefore received a porcine valve. For patients in 
whom an allograft valve was selected, an aortic valve 
allograft was used when possible: When no aortic all 
graft was aa in the correct E a pulmi a 


find sdiniques and results were noted. Pathologic | 
and bacteriowgic analyses of operative specimens were 


i + The choke of valve substitute was made by the sur- 
geon before beginning the operation. The decision to 
se or not te use an allograft valve was based o on the 5 











phone with the patient and the patient’s personal physi- 
cian. No patient was lost to follow-up. 





< (RESULTS 
h. Of 15 patients who met the criteria for emergency 
=|= AVR for endocarditis, 12 underwent operation within 
_ 24 hours of diagnosis, all within 48 hours. Eleven pa- 
. ue were cane to the glee room 1 immediately 





ae sae erie Data are ad in Tables 
Land H. Eight patients (group I) underwent AVR with 
- a prosthetic valve (4 mechanical, 4 bioprosthetic valves) 
and 7 patients (group II) underwent AVR with a cryo- 
preserved human aortic valve (5) or pulmonic valve (2). 
Group I included 5 men and 3 women and group II 
included 2 men and 5 women. Groups I and II were 
similar in mean age (group I, 55 years; group II, 51 
years), frequency of intravenous drug abuse (group I, 1 
patient; group II, 3 patients), and history of previous 
_ AVR with a prosthetic valve (group I, 3 patients; group 
II, 2 patients). A comparison of patients with native 
valve endocarditis to those with prosthetic valve endo- 
carditis is listed in Table HI. Cardiopulmonary bypass 
_. times were significantly longer in patients with pros- 
_.. thetic valve endocarditis, but no other statistically sig- 
nificant differences were found. Additional operative 
-findings were septal abscess in 1 group I and 4 group II 
patients, mitral valve endocarditis in 1 group I and | 
group II patient, atrial septal defect in 1 group II pa- 
- tient, and aorta-right atrium fistula in 1 group II pa- 
tient. All patients had positive blood cultures at the 
time of operation. Cultures of valvar vegetations or 
>< blood, or both, in group I patients were positive for 
: Staphylococcus aureus in 5 patients, and for Strepto- 
< “ coccus sanguis, Streptococcus bovis, and Streptococcus 
<> hyacis in | patient each. Cultures in group II patients 
== were positive for Staphylococcus aureus in 3 patients, 
_. Streptococcus faecalis in 3, and Candida albicans in 1. 
All staphylococcal species were sensitive to methicillin. 
< Additional procedures performed in group I patients 
-< included replacement of the mitral valve (2), tricuspid 
<-> valve (1) and aortic root (1). Additional procedures in 
< group H were mitral valve repair (1), aortic root re- 
~ placement (1), atrial septal defect closure (1) and coro- 
-nary artery bypass X 2 (1). Mean duration of cardio- 
-pulmonary bypass (group I, 189 minutes); group H, 
204 minutes) and aortic cross-clamping (group I, 108 
minutes; group II, 121 manatss) were not oan) 
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Number of patients 

















Age (years) 5324 54+8 
Indications for operation 

Congestive failure 6 3 

Sepsis 1 2 

Cerebral emboli — 3 0 
Patients requiring additional procedures 5 3 
Cardiopulmonary bypass duration Aten 169+17 250+ 24* 
Cardiac ischemic duration (min) — = 106+10 132+ 10 
Operative results 

Survived 8 2 

Died 2 3 
Long-term results 

Well without reoperation 7o. l 

Well after reoperation —. l 






Late death 


*p = 0.02. Values are mean + standard error of the mean. 






















manent pacemakers for complete heart block. Two had 
documented heart block preoperatively. No other sig- 
nificant complications were encountered. All patients 
with focal neurologic injury attributed to preoperative _ 
emboli exhibited improvement after AVR, and no new 
neurologic problems were encountered. a 
Mean duration of follow-up has been 28 months in 
group I and 18 months in group H. One group H pa- 
tient, who continued to use intravenous drugs, devel- 
oped recurrent endocarditis 6 months after allograft 
AVR. This patient was successfully treated medically, 
and cardiac catheterization demonstrated competence 
of her allograft valve. She presented to another hospital - 
18 months after allograft AVR with severe aortic insuf- 
ficiency. At reoperation, she was found to have a perfo- 
ration of 1 valve leaflet. Blood and valve cultures at — 
Operation were negative. Her allograft was replaced © 
with a porcine valve in accordance with the preference © 
of the surgeon treating her at that time. One group H- __ 
patient died in a motor vehicle accident 10 months after 
AVR. All other group I and II patients are alive and > 
well, without evidence of valve dysfunction. ss 


DISCUSSION | 7 

The frequency of endocarditis may be increasing, 
perhaps due to nosocomial infections resulting from in- 
vasive procedures, immunosuppressed states and intra- 
venous drug abuse, among other factors. In addition, a 
substantial percentage of all endocarditis is encoun- 
tered among patients with previously inserted prosthetic. 
valves. The bacteriologic characteristics of endocarditi 























































‘tive failure s fatal i in 1 40 to 93% of | aini without 
surgical trectment.? Endocarditis with septic emboli, 
overwhelming sepsis, intracardiac abscess, conduction 
disturbance, resistant organisms, suppurative pericardi- 
tis or clinica’ deterioration despite appropriate antibiot- 
ics are other indications for AVR. | 
When operation is indicated for endocarditis, it is 
preferred thet antibiotics be used to control the infec- 
tion, so that valve replacement may have the highest 
probability of success.!®!! However, inappropriate de- 
~ lay to achieve bacteriologic “cure” may carry excessive 
_ risk.!2 The operative mortality of valve replacement for 
active endocarditis is 3 to 4 times that for controlled 
infection.!!.!= The patients in this series represent the 


these patients required emergency operation because of 
specific clinical findings (hemodynamic collapse, cere- 
bral emboli cr septic shock) that were contraindications 
to even a bref trial of nonoperative therapy. Reports 
of surgical mtervention for active endocarditis often 
have included patients who underwent operation after 
lengthy antibiotic therapy'* as well as patients with 
moderate congestive heart failure as an indication for 
operation.!3 Nevertheless, reported operative mortality 
for valve replacement for endocarditis has been as high 
as 30%, 1113-6 

Comparison of published series is made difficult by 
the wide differences in definitions. “Early” operations 
for endocarditis have included patients treated for l 
week to 2 months after diagnosis.!’~!? Most series de- 
scribing eme-gency valve replacement for endocarditis 
report high “requencies of death and early reopera- 
tions.!3,20.21 However, there are reports of patients un- 
dergoing emergency valve replacement for endocarditis 
z with survival of 290%.2223 
-In such am emergency setting, the selection of valve 
replacement may be influenced by perceived difficulties 
related to the patient’s condition and to technical prob- 
Jems. Considerations of long-term valve function, he- 
he ~ modynamic performance, resistance to reinfection and 
freedom frora anticoagulant therapy may be subordi- 
yate to accomplishing an expeditious procedure and im- 
- proving the patient’s chances of operative survival. Al- 
-though allografts are more resistant to infection, use of 
allografts requires greater ischemic time and more pre- 
zise Operative technique. As a result, the use of aortic 
Ç- allografts for AVR may be questioned. 










extreme portion of the endocarditis spectrum. All of | 
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ients Poe in a ane -with fungal inf 
prosthetic valve, a condition that is f atala in 1 80 to 90% 
of cases.2425 ee 

AVR for endocarditis was first described in 1965. 6 i 
Allograft AVR for endocarditis was first reported in- 
1970.3 In 1984, Ross’s group described aortic root re- 
placement with an allograft for prosthetic valve endo- 
carditis.2 Since then, others have established the effica- 
cy of allografts for both freehand AVR and aortic root 
replacement in endocarditis.+* The advantages of allo- 
grafts in patients with endocarditis include resistance to 
reinfection, easier management of root abscesses, and 
success in severe endocarditis where prosthetic valves — 
have failed.2? These advantages are amplified by the .. 
excellent performance of allografts with respect to he- | 
modynamics, durability and freedom from thromboem-. m 
bolism. Long-term follow-up after valve replacement 
for active endocarditis is important. The 5-year survival — 
in these patients is 40 to 79%, with a reoperation rate: 
as high as 13%.'¢!98 Allografts may improve these 
long-term results. The use of pulmonary valve allo- 
grafts for AVR has rarely been reported.” Pulmonary 
allografts require more precise technique because they 
are less rigid, and their long-term durability is uncer- 
tain. However, pulmonary allografts may calcify less 
than aortic allografts. 

In treating endocarditis surgically, the replacement 
material used is only one factor affecting the results. 
Prompt intervention, adequate debridement, oblitera- 
tion of fistulas, resection of mycotic aneurysms, secure 
suture placement and antibiotic treatment are unques- 
tionably of greater importance. The operative outcome 
is also heavily dependent on the patient’s underlying ~~ 
condition and left ventricular function. We believe the 
results of this study support the use of allografts for 
emergency AVR for endocarditis. Further use and 
more long-term follow-up are needed to fully evaluate 
the benefits of this approach. 
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cula Morpho gy in idio 
Dilated Cardiomyop: j thy 


Francesco Pelliccia, MD, Giuseppe Critelli, MD, Cinzia Cianfrocca, MD, 
Antonio Nigri, MD, and Attilio Reale, MD 


The purpose of the present study was to verify 


whether the electrocardiographic pattern of pa- 
tients with diopathic dilated cardiomyopathy 
(IDC) might be useful in predicting measure- 
ments of let ventricular (LV) morphology. A to- 
tal of 12 electrocardiographic criteria for LV en- 
largement were evaluated in 67 patients with 
IDC, aged 14 to 68 years (mean 48), and were 
correlated to LV wall thickness, volume and 
mass, as assessed at angiography (all patients) 
and echocardiography (50 patients). Linear re- 
gression analysis showed weak correlations be- 
tween multiple electrocardiographic criteria and 
LV wall thickness, volume and mass. Multiple lo- 
gistic regression analysis showed that total 12- 
lead QRS amplitude, voltage criteria of Sokolow 
and Lyon, cvershoot and U-wave inversion were 
the variables significantly related to LV wall 
thickness, 2s assessed by angiography (r = 0.55, 
p <0.005) and echocardiography (r = 0.43, 

p <0.025). The sum of T/R-wave ratios, the 


: RV./RV; retio and the Romhilt-Estes score were 


predictors cf LV end-diastolic volume, as deter- 
mined by angiography (r = 0.83, p <0.001) and 
echocardiography (r = 0.77, p <0.005). Total 


--12-lead QRS amplitude and the sum of T/R- 
-> wave ratios were the only independent predic- 
tors of LV mass, either angiographically 
_. (r = 0.81, p<0.001) or echocardiographically 

— measured (t = 
-that a single electrocardiographic criterion for 


0.71, p <0.025). It is concluded 


prediction of LV morphology in patients with IDC 


-is barely effective. Multiple electrocardiographic 
- criteria should be utilized to better predict LV 
mass and distinguish reliably between LV wall 

; ems and dilatation. 


(Am J Cardiol 1991;68:642-647) 





terized by an increased left ventricular (LV) mass, 
as a consequence of LV dilatation and hypertro- 
phy. Several investigations have been performed to 
identify electrocardiographic predictors of LV morphol- 
ogy in patients with IDC,'° but controversy persists 


] diopathic dilated cardiomyopathy (IDC) is charac- _ : 


about the reliability of the electrocardiogram as a 3 


means of identifying different patterns of LV anatomy — 
in cardiac patients.’* To verify whether the electrocar- 
diographic pattern can predict LV mass in patients 
with IDC, 12-lead electrocardiograms from 67 patients 
with IDC were analyzed, and compared with angio- 
graphic and echocardiographic data. A further object 
of the study was to investigate whether LV wall thick- 
ening can be reliably distinguished from LV dilatation 
on the basis of the electrocardiographic criteria. A mul- 
tivariate model was applied to strengthen the relation 
between electrocardiographic criteria and LV measure- 
ments. 


METHODS 
Patient group: The study included 67 patients 
(53 men and 14 women, mean age + standard devia- . 


tion 48 + 11 years [range 14 to 68]) admitted from 


January 1977 to December 1988. In all patients, 12- ~« 
lead electrocardiograms and data from cardiac cathe- 
terization, including left ventriculography, could be re- 
viewed. Echocardiographic images were available from 
55 patients (82%) referred since 1980. The diagnosis of 
IDC was made on the basis of LV dilatation and systol- _ 
ic contraction dysfunction, as shown by LV ejection 
fraction <50% and LV end-diastolic pressure >12:mm - 
Hg, in the absence of coronary artery disease, systemic 
hypertension, cor pulmonale, previous infectious dis- 


ease, chronic systemic disease involving the heart mus- 


cle and increased alcohol intake. e 

Electrocardiography and terminology: Standard 12- 
lead electrocardiograms were recorded as 25 mm-s7! 
and | mV-cm7~! standardization.’ In all patients, the 
electrocardiograms were recorded | week before cardi 


“La S: ac catheterization All tracings were anal zed 

























consecutive complexes to minimize possi- 
e bea at-to-beat. variation due to respiration. Values 
thee averaged from the measured beats in every 
ead. For each lead, R-wave and T-wave amplitudes 
were measured from the PR segment to the peaks of R 
ind T waves, respectively. The ratio of T to R wave 
s then determined. The amplitude of QRS waves, 
defined as the number of millimeters between the point 
of ‘maximal inflection (top of the R wave) and deflec- 
-tion (bottom of the Q or S wave, whichever was great- 
< cer), was measured for each lead according to Siegel 
-and Roberts.!° Sum of R waves, sum of T waves, sum 
of the T/R-wave ratios, as well as total 12-lead QRS 
amplitude were obtained by adding the amplitudes of 
the individual leads. The transverse/frontal plane QRS 
voltage ratio was calculated as proposed by Goldberger 
et al’; frontal plane QRS voltage was computed as the 
sum of peak-to-trough QRS amplitudes in the 2 limb 
leads with highest QRS voltage, and transverse plane 
QRS voltage as the maximal peak-to-trough QRS volt- 
age in leads (V; or V2) +(Vs5 or Vg). According to 
Spodick and Koito,4 the RVg /RVs5 ratio was defined 
as the ratio of R-wave voltages between leads V, and 
Vs. Calculation of the Cornell voltage criteria was 
_ based on the sum of the R voltage in aVL and the S- 
wave voltage in V3.6 QRS duration, the Sokolow and 
< Lyon precordial voltage!! as well as the point score sys- 
tem of Romhilt and Estes,!2 were also measured. Pa- 
tients showing an inverted T-wave and terminal T-wave 
positivity in 1 or more leads were defined as having an 
“overshoot.” 13 U-wave inversion was considered present 
if a discrete negative deflection was detected within the 
_ TP segment in the leads in which the U wave is positive 
“in normal subjects. !4 
Cardiac catheterization: Right- and left-sided car- 
diac catheterization were performed with the patient 
in the fasting state without premedication. Endocavi- 
tary pressures were measured before angiocardiography 
through a no. 7Fr or 8Fr end-hole catheter placed in 
the cardiac chambers by the femoral technique. LV 
end-diastolic and end-systolic volumes as well as ejec- 
- tion fraction were calculated from the 30° right anteri- 
< or oblique projection of the left ventriculogram accord- 
= jing to Kennedy’s area-length method.!5 LV wall thick- 
© ness and mass were derived according to Dodge’s 
~-method.'© All values were corrected to body surface 
‘area. Patients with significant angina and those aged 
> 30 years also underwent selective coronary arteriog- 
hy: none had significant stenoses of epicardial coro- 























mplitüde 1 measurements were ot E 


“for! Determining Left Ventricular Morphology as Asse i 
Patients with Idiopathic Dilated Cardiomyopathy 


Mean + SD 





Electrocardiographic Criteria 


Sum of R waves (mm) 





32+ 18 










Sum of T waves (mm) 

Sum of T/R-wave ratios 1715 1-67 
Total QRS amplitudes: (mm) - 153 + 49 52300 
Transverse/frontal plane 

QRS voltage ratio- © 0 2At OLD 1-5.2 
RV6/RVs ratio © oo eee 0.5-9 
Sokolow and Lyon index. (mm) 37 +12 12-75 
Corneli voltage criteria (mm). (26211 11-64 
Romhilt-Estes score (n) 4.1 + 2.3. 0-9 
QRS duration (ms) 80-160 





108 + 25 


SD = standard deviation. 


satisfactory in 50 (75%). Measurements were obtained 


according to the recommendations of the American So- - 
ciety of Echocardiography with a leading-edge-to-lead- =- 


ing-edge convention.!’ Standard echocardiographic val- 
ues of LV internal dimension (LVID), interventricular 
septum (IVS), and LV posterior wall thickness (PWT) 
were assessed. LV mass (LVM) was calculated accord- 
ing to “Penn” criteria and formula of Devereux and 


















Reichek!8: LVM (in grams) = 1.04(LVID+PWT+ 


IVS} — (LVED)3 — 13.6 g. LV volume (LVV) was 
calculated according to Teichholz et al!?: LVV (in 
milliliters) = 7 (LVID)>/2.4 + LVID. Values were in- 


dexed by the body surface area.*® 





Statistical analysis: Results are expressed as mean = : 
+ standard deviation (SD). Angiographically and echo- 
cardiographically assessed measurements of LV mor- = 


phology were compared by means of the paired z test. 


In addition, correlations between morphologic data. 
were tested using linear regression coefficients.2! Sim- 
ple linear regression analysis was also used to evaluate | 
the relation of electrocardiographic criteria to LV mor- | 
phologic data. A model of logistic regression was then 
chosen for multivariate analysis.2* This method allows“ 
prediction in the likelihood of an event, i.e. the value of 
LV morphologic parameter in the present study, from 
measurements of continuous variables. The electrocar- 
diographic variables were included stepwise in order of 
decreasing p values (linear regression analysis). When 
the addition of a variable did not improve the fit of the- 
model, the variable was omitted. This was the case, for 
instance, when 2 variables included in the model were’ 


related to each other. Each multiple correlation coeffi- 
cient was determined by a combination of electrocar- 
diographic variables as a function, respectively, of L 
se bani caer LV ene -cias ole volume, and 
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TABLE II Co>elations of Electrocardiographic Variables with Angiographically and Echocardiographically Assessed Measurements of 
Left Ventricular Morphology as Revealed by Simple Linear Regression Analysis 


LV Wall Thickness 










LV End-Diastolic Volume LV Mass 















Angiography Echocardiography 


(n = 50) 


ee 





Echocardiography Echocardiography 


(n = 50) 


Angiography 





Angiography 
( 






(SE) 










Sum of R waves ‘ ! 
Sum of T wave 0.23 (1.7) 0.19 (1.9) 











0.34* (82) 0.36t (82) 0.29t (71) 

Sum of T/R-waeratios 0.19 (1.8) 0,18 (1.9) 0.47 (76) 0.45* (77) 0.53t (54) 0.45* (62) 
Total QRS amp tudes 0.47* (1.4) 0.40t (1.6) 0.21 (83) 0.19 (87) 0.55} (52) (0.513 (56) 
Transverse/froasal plane 

QRS voltage ra> 0.29 (1.7) 0.05 (2.0) 0.37* (81) 0.33t (86) 0.20 (74) 0.18 (72) 
RV6/RV5 ratio 0.10 (1.8) 0,08 (1.9) 0.43¢ (78) 0.41* (80) 0.23 (73) 0.08 (75) 
Sokolow and Lan index 0.45* (1.6) 0.39t (1.7) 0.21 (83) 0.27 (85) 0.25¢ (72) 0.28t (70) 
Cornel! voltageeriteria 0.19 (1.8) 0.06 (1.9) 0:36" (61). 0:37* (84) 0.23 (73) 0.10 (73) 
Romhilt-Estes score 0.21 (1.7) 0.04 (2.0) 0.39" (80) 0.42" (79) 0.11 (74) 0.21 (71) 











QRS duration 


*p < 0.01; tp — 9.05; tp <0.001. 
LV = left ventrica@r: r = correlation coefficient; SE = standard error of the estimate. 









RESULTS 

Presentine features: Data at diagnosis from both 
echocardiography and left ventriculography could be 
evaluated in 20 patients (75%). Statistical analysis did 
not show amy significant difference between angio- 
graphically and echocardiographically determined val- 
ues of LV wail thickness (mean value + SD, 8.5 + 1.8 
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FIGURE 1. The relation between total 12-lead QRS amplitude 
and left ventricdar mass as assessed either at angiography 
(upper panel) œ at echocardiography (lower panel) in patients 
with idiopathic ailated cardiomyopathy. 









mm [range 5 to 13] vs 9.0 + 1.9 mm [range 5 to 14], 
respectively, p = not significant [NS]; correlation co- 
efficient = 0.68, p <0.001), LV end-diastolic volume 
(mean value + SD, 202 + 86 ml-m~? [range 93 to 431] 
vs 220+ 101 ml-m~? [range 88 to 415], respective- 
ly, p = NS; correlation coefficient = 0.73, p <0.0001 ), 
and LV mass (mean value+SD, 158 +73 g-m~? 
[range 65 to 375] vs 160 + 71 g-m~? [range 60 to 353], 
respectively, p= NS; correlation coefficient = 0.87, 
p <0.0001). Table I depicts mean value + SD and 
range of electrocardiographic variables as assessed in 
the whole study population. Overshoot was detected in 
20 patients (30%), and U-wave inversion was present in 
7 (10%). 

Linear regression analysis: Table I shows the rela- 
tion of electrocardiographic criteria to both angiograph- 
ically and echocardiographically assessed measure- 
ments of LV morphology. Linear regression analysis 
showed a significant, positive correlation of LV wall 
thickness with total 12-lead QRS amplitude and Soko- 
low and Lyon index. In contrast, LV end-diastolic vol- 
ume related significantly to the sum of T waves, sum of 
T/R-wave ratios, transverse /frontal plane QRS voltage 
ratio, Cornell voltage criteria, RV6/RV5 ratio, Rom- 
hilt-Estes score and QRS duration. Also, there was a 
significant correlation between LV mass and total 12- 
lead QRS amplitude (Figure 1), sum of T/R-wave ra- 
tios (Figure 2), sum of T waves, and Sokolow and 
Lyon index. 

Multiple logistic regression analysis: Total | 2-lead 
QRS amplitude and voltage criteria of Sokolow and 
Lyon were the first 2 variables selected for prediction of 
increased LV wall thickness. Overshoot and U-wave in- 
version were additional variables that significantly im- 
proved the fit of the model. The regression coefficients 
of the final models were 0.55 (F value = 5.45, p 
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<0.005) for angiographically derived LV wall thickness 
and 0.43 (F value = 4.05, p <0.025) for the echocar- 
diographically assessed one. The sum of T/R-wave ra- 
tios, the RV¢/RVs ratio and the Romhilt-Estes score 
were the strongest independent predictors of an in- 
creased LV end-diastolic volume, as determined by an- 
giography (r = 0.83, F value = 14.45, p <0.001) or 
echocardiography (r = 0.77; F value = 6.29, p < 
0.005). Electrocardiographic variables were then in- 
cluded stepwise to assess their relation to LV mass, 
Only total 12-lead QRS amplitude (Figure |) and the 
sum of T/R-wave ratios (Figure 2) entered the equa- 
tion. Statistical analysis showed that these criteria were 
independent of each other. No additional variable could 
substantially improve the fit of the model. The multi- 
variate equations showed correlation coefficients of 0.81 
(F value = 19.15, p <0.001) and 0.71 (F value = 5.31, 
p <0.025) in the prediction of the angiographically and 
echocardiographically measured LV mass, respectively. 
According to the technique of cross validation, the step- 
wise logistic regression analysis was applied separately 
to subsets of patients. The cross-validated results con- 
firmed those obtained in the entire study population. 
The multivariate analysis also derived the formulas list- 
ed in the Appendix; these formulas calculate the predic- 
tive value of LV wall thickness, volume and mass by 
means of electrocardiographic criteria. 


DISCUSSION 

The role of the electrocardiogram in the diagnosis of 
cardiac chamber enlargement in IDC has been assessed 
by several investigators, and has recently been empha- 
sized by the Wilensky et al! in a study on a large num- 
ber of patients compared at necropsy. Most investiga- 
tions, however, have been performed in small groups of 
patients with IDC.*-* On the other hand, attention has 
usually been paid to the electrocardiographic predictors 
of LV mass,!*4-® whereas the accuracy of multiple 
electrocardiographic criteria in differentiating LV wall 
thickening from dilatation has not been previously in- 
vestigated in patients with IDC. 

In the present study, weak correlations, although 
statistically significant, were found between multiple 
electrocardiographic criteria for LV enlargement and 
LV wall thickness, volume and mass. However, as re- 
cently suggested by Devereux,’ the performance of 
electrocardiographic criteria in detecting the anatomic 
status in heart disease may be improved with the use of 
more powerful statistical methods. Accordingly, we 
used a multiple regression analysis, which resulted in 
substantially strengthened correlations compared with 
those obtained by using simple regression analysis. 

Predictors of left ventricular wall thickness: [n our 
series, LV wall thickness was best predicted by the 
combination of total 12-lead QRS amplitude, voltage 


criteria of Sokolow and Lyon, overshoot and U-wave 
inversion. 

Total 12-lead QRS amplitude as an electrocardio- 
graphic index of LV morphology was first proposed by 
Siegel and Roberts!” and Roberts and Waller.*4 They 
applied this criterion in different heart diseases, stating 
that cavity dilatation does not magnify the voltage of 
the QRS generated by a given mass of myocardi- 
um.*4-26 More recently, the same investigators demon- 
strated the use of total QRS voltage in detecting LV 
hypertrophy in patients with IDC despite the presence 
of considerable cardiomegaly at necropsy.'*’ Further- 
more, a good correlation of the Sokolow-Lyon criteria 
with the thickness of the ventricular septum has been 
observed.*® However, in contrast to the general agree- 
ment that the QRS voltage is the best predictor of LV 
hypertrophy, Devereux et al?’ reported that wall thick- 
ness does not constitute an independent contributor to 
the generation of Sokolow-Lyon criteria. As shown in 
this report, inclusion of overshoot and U-wave inversion 
in a multivariate model for prediction of wall thickness 
increases the diagnostic accuracy of the method. Such 
an approach has not been used previously in IDC, al- 
though overshoot and U-wave inversion are frequently 
believed to indicate LV hypertrophy in patients without 
coronary artery disease. !>!4 


VENTRICULAR MASS 
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SUM OF T/R RATIOS 


FIGURE 2. The relation between the sum of T/R-wave ratios 
and left ventricular mass as assessed either at angiography 
(upper panel) or at echocardiography (lower panel) in patients 
with idiopathic dilated cardiomyopathy. 
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slosely: assoc ete wih LV A a 
: AS postu ated by Brody, QRS voltage should in- 
crease in the presence of an increased end-diastolic 
blood volumz. In contrast, several studies using an- 
- giograms,*! echocardiography?” and nuclear imaging?’ 
have shown that the correlation of the QRS voltage 
-with LV volume was either poor or less good than the 
- relation to LY mass. Abnormalities of T wave are often 
thought to be less specific than the QRS voltage in the 
assessment o7 LV enlargement.’ However, a high cor- 
‘relation between variations of the T-wave amplitude 
„and drug-induced changes in LV dimensions has been 
found by Feldman et al,*4 who have also observed that 
_. the T-wave amplitude, rather than the R-wave ampli- 
—tude,*> is nct affected by extracardiac factors. The 
aforementioned discordant findings, which make the 
value of the QRS and T-wave voltage in the assessment 
of LV volume questionable, prompted us to evaluate 
the T/R ratie, to distinguish between primary and par- 
allel changes m T and QRS amplitude. This ratio has 
the advantage of being unaffected by the distance of 
the recording electrode on the chest wall from the cen- 
ter of the ventricle.*4+36 To our knowledge, the relation 
between LV morphology and T/R ratio in patients 
with IDC has not been previously investigated. In our 
series, the sur? of T/R-wave ratios was the single elec- 
trocardiograptic variable most closely related to LV 
end-diastolic volume, and its capability in predicting 
LV dimensio+ was increased by the inclusion of the 
RV6/RV;5 ratio in the multivariate equation. According 
to Spodick ard Koito,437 the latter parameter appears 
to be directly related to LV dilatation rather than wall 
thickness. Indzed, the highest RV¢/RVs and the largest 
LV internal diameter were observed by these investiga- 
-tors in the IDC subgroup. Similar considerations apply 
“to the point score system of Romhilt and Estes,!? a 
further variabie that improved the prediction of LV 
„end-diastolic volume in our patients. This score seems 
to be ineffect.ve in revealing an increased wall thick- 
ness,*8 wheres it is thought to correlate better with LV 
mass and dimension.” 
_ Predictors. of left ventricular mass: Total 12- lead 




















only indepencent variables significantly related to an 
„increased LV mass. These findings are in agreement 
with data of Wilensky! and Roberts?” and co-workers, 






ng LV mass in patients with IDC. In addition, our 


-electrocardiog 
and volume 





- Sensitivity of electrocardiographic criteria for left ventricular hypertrophy accord: : 


QRS amplitude and the sum of T/R ratios were the 


who pointed cut the value of QRS voltage for predict- 





Ti sults emphasize t the use. ofa a new w electrocavdiographic: 








respec 


quence of either ae ai Hh h ckeniig o or  ventricula 
dilatation. Ea 

Study limitations: The first limitation of this m 
deals with the assessment of electrocardiographic crite- 
ria. Although great accuracy was taken in the analysis 
of electrocardiographic tracings, interindividual changes 
in chest lead placement?436 and, in particular, day-to- 
day variability of electrocardiographic voltage? might 
have been possible sources of error. Another limitation 
lies on the computation of measurements of LV mor- 
phology from angiography and echocardiography. Pre- = ~ 
vious investigators*°!8 provided anatomic validations of- 
the methods used in the present study. Nevertheless, we — 
cannot rule out small errors in measuring LV wall- 
thickness, volume and mass, although a good correla- 
tion was found between angiographically and echocar- 
diographically assessed measurements of LV anatomy. © 
Finally, a relative limitation is the sample size. As a 
consequence, we could not prospectively validate the lo- 
gistic regression equations generated from our “learn- 
ing” population in additional subjects. Therefore, our 
findings should not be generalized to other populations. 
Future studies are needed to verify in independent 
“test” series of patients with IDC the accuracy of the 
formulas listed in the Appendix in predicting LV wall 
thickness, volume and mass on the basis of electrocar- 
diographic criteria. 

In conclusion, the present study confirms that the 
use of a single criterion for predicting LV morphology 
in patients with IDC is barely effective. Multiple elec- 
trocardiographic criteria should be used to better pre- 
dict LV mass and distinguish reliably between LV wall 
thickening and dilatation. 
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APPENDIX 

The model of logistic regression analysis allows calcu- 
lation of the predictive value of measurements of LV 
morphology in patients with IDC by means of an opti- 
mized set of electrocardiographic variables. As described 
in the text, the final models included the following vari- 
ables: total 12-lead QRS amplitude (ZQRS, expressed 
in millimeters), voltage criteria of Sokolow and Lyon 
(SV, + RVs, measured in millimeters), detection of U- 
wave inversion (transformed into 1), the presence of 
overshoot (transformed into 1), the sum of T/R-wave 
ratios (ZT/R, dimensionless), the RV¢/RVs ratio (di- 
mensionless) and the Romhilt-Estes score (in points). 

Predictive values of angiographically determined LV 
wall thickness (LVWT, expressed in millimeters m7?), 
end-diastolic volume (LVEDV, measured in milliliters 
m7?) and mass (LVM, calculated in grams m~?) may be ] 
calculated as follows: LVWT 6.12 + C1373. 
ZQRS) + (5.5872. SV; + RVs) + (3.09 - U inversion) 
+ (0.69 - overshoot); LVEDV = 54.35 + (4.57- =T/R)- 
+ (13.03 - RV6 /RVs) +13. 94 » Romhilt-Estes score) - 
LVM = 47.25 + (0.17 - ZQRS) - + (4.68-ET/R). 

Predictive values of. echocardiographically assessed. 










“measurements of LV morphology | may be calculated as 


follows: LVWT = 8.35 + (6.0573 . SQRS) + (1.472. 
SV, + RVs) + (1.19 + U inversion) + (3.15 + overshoot); 
LVEDV = 40.29 + (5.11+2T/R) + (2.172. RV6/ 
RVs) + (25.12 « Romhilt- Estes score): LVM = 43.01 + 
(1.54- ZQRS) + (5.55. ST/R). os 




























-Patients wits severe pulmonic stenosis (PS) have 
right ventricular (RV) diastolic filling abnormali- 
ties detectable by tricuspid valve pulsed Doppler 
-. examination. To determine if these abnormalities 
- persist long term after successful therapy of PS, 
_ 19 patients were examined 8 + 3 years after PS 
_ therapy. At the time of follow-up Doppler exami- 
nation, the PS gradient was 15 + 8 mm Hg. 
From the tricuspid valve inflow Doppler study, 
the following measurements were obtained at 
peak inspiration: peak velocities at rapid filling 
(peak E) and during atrial contraction (peak A), 
ratio of peak E to peak A velocities, RV peak fill- 
ing rate normalized for stroke volume, decelera- 
tion time, the fraction of filling in the first 0.33 
of diastole as well as under the E and A waves, 
and the ratic of E to A area. Data from PS fol- 
low-up patients were compared with our previ- 
- ously reported data from 12 age-related control 
< subjects and 14 untreated patients with PS. Pa- 
- tients with PS who were followed up had higher 
: peak E velocity (0.75 + 0.14 vs 0.59 + 0.21 
m/s), lower peak A velocity (0.47 + 0.09 vs 0.64 
+ 0.28 m/s), higher E/A velocity ratio (1.65 + 
-0.33 vs 1.11 + 0.52), higher 0.33 area fraction 
(0.52 + 0.0& vs 0.34 + 0.14), lower A area 
fraction (0.23 + 0.06 vs 0.45 + 0.21) and high- 
er E/A area ratio (2.48 + 0.82 vs 1.73 + 1.05) 
_ than PS patients without treatment (p <0.03). 
All Doppler indexes of the patients with PS who 
were followed up were the same as those of the 
_ control subjects except for the peak E velocity 
that was slightly higher (0.75 + 0.14 vs 0.63 + 
0.11 m/s), the peak A velocity that was slightly 
higher (0.47 + 0.09 vs 0.38 + 0.09 m/s) and the 
E/A area ratio that was slightly lower (2.48 + 
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0.82 vs 3.50 + 1.25) (p <0.03). Thus, at long- 

term follow-up, all RV diastolic filling indexes in 

successfully treated patients with PS improved 

compared with the untreated patients and ap- 

data suggest that RV diastolic filling abnormali- 

ties in patients with PS are reversible over the T 

long term and are therefore probably related to 

hypertrophy rather than fibrosis and scarring. ae 
(Am J Cardiol 1991;68:648~-652) 


has been used to assess right ventricular (RV) dia- . 

stolic filling in a variety of diseases including val- 
vular pulmonic stenosis (PS), pulmonary hypertension, 
constrictive pericarditis and cardiac tamponade.'~4 
From the tricuspid valve Doppler recording, peak flow 
velocities, filling rates, and the proportion of filling in 
the various phases of diastole can be measured for the 
right ventricle.” Normal values for the tricuspid valve 
Doppler indexes have been reported for the fetus, new- 
born infant and child.&!° Recently, we reported the use 
of these Doppler indexes to detect abnormal patterns of “4 
RV diastolic filling in children with PS.4 Children with 
PS had a decreased percentage of the total Doppler 
area in the first third of diastole and an increased per- 
centage of the total Doppler area under the A wave 
suggesting a relative shift of RV filling to late diastole. 
Furthermore, these diastolic filling abnormalities did 
not improve immediately after successful relief of the 
RV outflow obstruction, suggesting that afterload mis- 
match was not the direct cause of the observed diastolic 
filling abnormalities. 

In this study, we hypothesized that RV hypertrophy —_. 
is the cause of the impaired RV early diastolic relaxa- 
tion found in children with valvular PS. Furthermore, if 
the RV diastolic filling abnormalities were caused by 
hypertrophy alone rather than fibrosis or scarring, the 1 


i n recent years, pulsed Doppler echocardiography = 





= ` Patients: The study included 19 patients who were 
ee 8 + 3 years (mean + standard deviation) 
after successful relief of PS (Table 1). These patients 
were randomly selected from all patients with PS un- 
dergoing routine follow-up evaluation in the outpatient 
clinic. Selection criteria included: (1) evidence by 





gradient <25 mm Hg), (2) absence of additional con- 
-. genital defects such as tricuspid stenosis or left-to-right 
-shunts that might alter the tricuspid valve Doppler re- 
cording, and (3) absence of significant tricuspid regur- 
gitation that might mask RV diastolic filling abnormal- 
ities. 
© The PS follow-up group was 5 to 19 years old 
(mean 10.9) and weighed 18 to 83 kg (mean 45.2). 
Ten patients had previous pulmonary balloon valvulo- 
= plasty and 9 had surgical pulmonary valvotomy. Ten 
patients were treated before and 9 were treated after 
the age of 2 years. Data from PS patients at long-term 
follow-up were compared with our previously reported 
data from 12 age-related control subjects and 14 un- 
treated patients with severe PS (Table I).4 
Echocardiographic examinations: All study partici- 
: pants underwent a complete 2-dimensional and Dopp- 
ler echocardiographic examination with the use of a 
<3 128-element phased-array ultrasound system and a va- 
-riety of transducers appropriate for patient size. Tricus- 
pid valve Doppler examinations were obtained from the 
parasternal short-axis or apical 4-chamber view. The 
sample volume was positioned so as to record the maxi- 
» mal velocities through the valve (usually near the tips of 
` the leaflets). Based on prior studies with use of simulta- 
neous thermister and tricuspid valve Doppler record- 
_. ings, the velocities through the tricuspid valve vary sig- 
_ nificantly throughout the respiratory cycle with maxi- 
‘mal velocities occurring at peak inspiration.’ Therefore, 
<u to obtain all Doppler measurements at a standard time 
~~ in the respiratory cycle, only beats recorded at peak 
_ inspiration were used. 











From the Doppler spectral recordings, the peak ve- 


© locities during rapid ventricular filling (peak E) and 
<- during atrial contraction (peak A) were measured, and 
` the ratio of peak E to peak A velocities was calculated. 
_ To determine the Doppler pattern of RV filling, several 
‘areas under the Doppler tracing were measured using 
previously described methods: (1) the total area under 

















r Doppler examination of successful relief of PS (peak 


-tistical comparisons between the PS follow-up patient 
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No. of patients 







5.1 (0.4-18) 


Age (years) 8.6(4.5-16) 10.9 (5-19) ji 
Weight (kg) 32.7 + 15.4 45.2 t21.7* 21.6 +20t 
Height (cm) 133 + 20 145 + 25* 103 + 32t 












_ -*p <0.01 compared with PS pre; tp <.0.01 compared with control subjects. 
7 FU = follow- ip; Pre = untreated; PS = PUNY stenosis. 







formed by a k. a ere line down from the 
peak E velocity to the baseline; and (4) the A area, or 
the triangular area formed in a similar manner under 
the peak A velocity.!! To determine the percentage of 
the total velocity envelope occupied by the individual 
areas, the area or filling fractions were calculated as the 
individual areas divided by the total area under the- 
Doppler tracing. Also, the ratio of E and A areas was 
calculated. The peak filling rate normalized for stroke — 
volume was calculated as the peak E velocity divided by - 
the total velocity time. integral,!* and the deceleration — 
time was measured from the peak E velocity to the 
time when the Doppler curve returned from the peak E ~ 
velocity to the baseline. 1? : 

Color, pulsed and continuous-wave Doppler exami- 
nations of the pulmonary valve were obtained from par- 
asternal or subcostal views. With use of the view that 
provided the highest value for the peak velocity of the 
PS jet, the peak instantaneous pressure gradient across 
the pulmonary valve was calculated from the Bernoulli 
equation. Pulmonary. insufficiency was diagnosed us- 
ing color flow imaging techniques and was considered = 
to be significant if the M-mode echocardiographic ex- © 
amination showed evidence of paradoxical septal mo- 
tion or RV end-diastolic dimension >95% for body sur- 
face area, or both.!4 ; 

All Doppler examinations were recorded at a paper: 
speed of 100 mm/s. The Doppler areas were traced 
from the paper recording using a digitizing tablet with — 
a crosswire cursor, a personal computer and commer- 
cially available computer software. The Doppler veloci- © 
ties and areas were measured by tracing the outermost ts 
border of the spectral recordings. . i 

Statistical analysis: Three cardiac cycles were mea- 
sured and averaged to obtain each Doppler value. Sta- 








































and the control subjects and between the untreated PS. 
patients and the PS follow-up patients were obtaine 
using unpaired 1 tests and Bonferroni’s correction fc 
multiple comparisons. To determine if differences 
RV diastolic filling patterns existed between differ 
patients in the PS prensa: Bop the group was 
























Peak E (m/s) 0.63 + 0.11 0.75 + 0.14*t 


~ Peak A (m/s) 





0.59 + 0.21 


















0.38 + 0.09 0.47 + 0.09*} 0.64 + 0.28* 
| E/A vel, 1.74 £ 0.51 1.65+0.33t 1.11 + 0.52* 
_ Total VTI (m) 0.12 + 0.02 0.13+0.03 0.12 + 0.03 
0.33 area fx 0.51 + 0.12 0.52+0.08t 0.34 + 0.14% 
- E area fx 0.71 + 0.08 0.67 +0.07 0.57 + 0.19* 
| A area fx 0.24 + 0.10 0.29 + 0.06 0.45 + 0.21* 
E/A area 3.50 + 1.25 2.48 + 0.82*t 1.73 + 1.05* 
Decel, time (s) 0.14 £ 0.02 0.12 + 0.02ł 0.09 + 0.04* 
_ PFR/SV (SV/s) 5,23 + 0.56 5.79+1.08 5.28 + 1.96 
Heart rate (beacs/min) 77 +13 La Tat 99 + 27* 









*p <0.03 compared with control subjects: tp <0.03 compared with PS pre. 
Values are mear * standard deviation. 
: A = peak velocity at atrial contraction; E = peak velocity in early diastole; Decel. = 

| deceleration; fx = faction; F/U = follow-up; PFR/SV = peak filling rate normalized to 
stroke volume; Pre = untreated; PS = pulmonary stenosis: vel. = velocity; VTI = 
velocity time integ. 





























the time of terapy and those <2 years at the time of 
- therapy; (2) aomparison of PS follow-up patients treat- 
ed with surgery to those treated with balloon valvulo- 
plasty; and (=) analysis of a subgroup of PS follow-up 
patients forir ed by exclusion of all patients with signifi- 
cant pulmonary insufficiency and RV diastolic dimen- 
sion >95% for body surface area. A two-tailed p value 
<0.03 was used to indicate a significant intergroup dif- 
ference. All values are mean + standard deviation. 


RESULTS 

Patients: The PS follow-up patients did not differ 
from the con:col subjects in age, height, weight or heart 
rate. Compared with untreated PS patients, the PS fol- 
low-up patiectts were older, had greater heights and 
weights, and ^ad slower heart rates. Before treatment, 
the PS follow-up patients had the same pulmonary 
valve gradient as the untreated PS patients (67 + 18 vs 
71 + 35 mn Hg, p = 0.66). After treatment, the PS 
follow-up patients had a significantly lower pulmonary 
. valve gradiert (15 + 8 mm Hg). 
Echocardiwgraphic studies: COMPARISONS OF PUL- 
“MONIC STEN@SIS FOLLOW-UP PATIENTS WITH CONTROL 
© SUBJECTS ANE ‘UNTREATED PULMONIC STENOSIS PATIENTS: 
Mean values for the Doppler measurements of the 3 
patient groups are listed in Table H. The peak E veloci- 
rof the PS “sllow-up patients was significantly higher 
n that of ne untreated PS patients and the control 
jects. The peak A velocity of the PS follow-up pa- 
its was significantly lower than that of the untreated 
atients but still higher than that of control subjects. 
result, tæ E/A velocity ratio of PS follow-up pa- 
3 was increased to a value not different from that 
nd in normal subjects. 
C omparec with untreated PS patients, the 0.33 area 

























De of th PS Ppap patients had increased sig- , 










of normal ee As a result, the TEJA a area a o 
the PS follow-up group was significantly higher than s 





that of untreated PS patients but did not quite reach 
the value found in normal subjects. 

The deceleration time of the PS follow-up patients 
was longer than that found in the untreated PS patients 
but the same as that found in normal subjects. Fhe 
normalized peak filling rates of the 3 patient groups 
were not significantly different. 


SUBGROUP ANALYSIS: To determine the effect of age 


at the time of treatment on the observed Doppler find- : 


ings, the PS follow-up group was divided into 2 sub- 
groups: (1) patients >2 years old at the time of therapy 
(n = 10), and (2) patients <2 years old at the time of 





therapy (n = 9). No differences were found in any dia- ae 


stolic filling indexes between the 2 subgroups. 

To determine the effect of the type of therapy on 
the observed Doppler findings, the PS follow-up group 
was divided into 2 subgroups: (1) patients treated with 
surgery (n = 9), and (2) patients treated with balloon 
valvuloplasty (n = 10). No differences were found in 
any of the RV diastolic filling indexes between the 2 
subgroups. 

To determine if significant pulmonary insufficiency 
had an effect on the observed Doppler findings, a sub- 
group of PS follow-up patients was formed by exclud- 
ing all patients (n = 4) with pulmonary insufficiency 
and RV diastolic dimension >95% 


of the statistical comparisons between the PS follow-up 
patients and the untreated PS and control groups. 


DISCUSSION 

In a previous study, we showed that children with 
severe PS have RY diastolic filling abnormalities de- 
tectable with Doppler echocardiography.* In these chil- 
dren, the tricuspid Doppler examination showed a de- 


for body surface. 
area. Elimination of these 4 patients did not change any — 


creased percentage of the total Doppler area in the first. 
third of diastole and an increased percentage of the to- _ 


tal Doppler area under the A wave, suggesting a rela- 





tive shift of RV filling to late diastole. This abnormal 


tricuspid Doppler pattern resembles the mitral Doppler 
pattern I observed by Appleton et al!? in patients with 


impaired left ventricular early diastolic relaxation and 
ue left ven meuler Pere oo eae 




















: aal subjects, These data Da that RV diastolic 
filling abnormalities in PS patients are reversible and 
are, therefore, probably related to hypertrophy rather 
than fibrosis and scarring. RV mass was not assessed 
| owing to the lack of an accurate means of measuring it 
noninvasively; however, all untreated PS patients had 
m echocardiographic evidence of severe RV hypertrophy 
while the PS follow-up patients had little or no evidence 
of RV hypertrophy. 
















=< diastolic apex to inflow pressure gradients exists in the 
-< right ventricle during early and late diastole, similar to 
¿that reported in the left ventricle.'© In the right ventri- 
_.. cle, however, the lowest early diastolic pressures are 
usually recorded in the outflow tract rather than in the 
- apex. The form and timing of the regional ventricular 
pressure gradients found in their study suggest that me- 
chanical suction of blood into the ventricular cavity is 
the primary mechanism of RV filling in early diastole. 
Mechanisms that probably contribute to mechanical 
¿= Suction include downward motion of the right ventricle 
during systole, active contraction of muscle fibers below 
_ equilibrium and resultant storage of elastic energy, and 
-end-systolic deformation of the walls of the RV outflow 
~~ tract. In the latter mechanism, blood ‘continues to leave 
the ventricle after contraction has ended, thus causing 
the shape of the RV outflow tract to be distorted, elas- 
tic energy to be stored in the myocardium, and the 
walls of the outflow tract to recoil in early diastole. The 
. Importance of this mechanism is supported by the find- 
“ing of the lowest early diastolic pressure in the RV out- 
© flow tract and the observation that significant narrow- 
z aie of the outflow tract occurs at end-systole.! 
In untreated PS patients, severe RV hypertrophy 
can lead to reduced end-systolic deformation of the RV 
-= outflow tract, less elastic recoil in early diastole, and a 














~~ higher minimum RV diastolic pressure, the early dia- 
- stolic pressure gradient and, thus, the peak E velocity 
are decreased as was observed in our untreated PS pa- 
> tients. At long-term follow-up, the return of the peak E 
-velocity and the percent filling in early diastole toward 
“normal values suggests that the end-systolic deforma- 
ion of the outflow tract walls is restored as RV hyper- 
phy regresses. 
ormal subjects, the tricuspid deceleration time is 





Possible mechanisms of diastolic filling abnormali- | 
ties: Courtois et al!5 recently showed that a pattern of- 


- higher minimum RV pressure in early diastole. With a 


‘the mitral deceleration time, Suggesting 6 6 










pea ey time o Compared with agere 
subjects. It is likely that the thick-walled right veni 
of untreated PS patients quickly generates a reverse 
pressure gradient of sufficient magnitude to decelerate 
flow in early diastole. As" hypertrophy regresses after 
successful relief of PS, the thin-walled right ventricle 
requires a longer period of. time to generate a revers 
pressure gradient, and thus the i increase in deceleratio 
time to normal values in our follow-up patients... | 

Factors affecting the tricuspid -valve Doppler index- 
es: Diastolic indexes of: RV relaxation can be influ- 
enced by several factors. including age, heart rate, respi- 
ration and RV loading conditions. Throughout child- 
hood, the tricuspid Doppler indexes are independent of 
age beyond the neonatal periods -8 and, thus, it is un- 
likely that age contributed to the observed improvement 
in RV diastolic filling. In several recent studies, tricus- _ 
pid Doppler indexes have been unrelated or only weakly- 
related to heart rate.!™!8 In this study, the improved — 
RV filling cannot be explained on the basis of heart 
rate since the heart rates of the control and PS follow- 
up patients were not different. From expiration to inspi- 
ration in normal children, the tricuspid peak E velocity 
increases by 26%, the peak A velocity increases by 
18%, and the E/A velocity ratio remains. unchanged. 
In this study, the effects of respiration were eliminated 
by measuring only beats at maximal inspiration. The 
presence of tricuspid or pulmonary insufficiency may 
alter the early diastolic transvalvular pressure gradient 
and, thus, affect the tricuspid Doppler indexes. In this 
study, no patient had significant tricuspid insufficiency, 
and exclusion of 4 patients with pulmonary insufficien- 
cy did not alter the results. 
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ae years were studied to assess the factors influ- 
~- encing Doppler indexes of left ventricular (LV) 
ee diastolic filling. The effects of physical activity, 
alcohol consumption and smoking were tested in 
addition to those of age, sex, heart rate, body 
mass index, blood pressure, left atrial diameter, 
and LV end-diastolic diameter, wall thickness, 
mass and fractional shortening. The data were 
fitted stepwise into multiple linear regression 
models both in the total population and in 3 
groups aged <40, 40 to GO and >60 years. in 
the total population, age explained 45 to 68% of 
the variation in the peak early and late diastolic 
velocities, their ratio, deceleration of the early 
velocity, atrial filling fraction and peak filling 
rate normalized to mitral stroke volume. With 
advancing age — and with increases in either 
body mass index, heart rate, diastolic blood 
-= pressure or LV mass — the indexes of early fill- 
Ing decreased, whereas with regular modest use 
<- of alcohol or regular aerobic exercise they in- 
creased (p <0.05 for all). In the middle-aged sub- 
jects, gender explained 32 to 57% of the varia- 
tion in the peak atrial velocity, early to atrial 
peak velocity ratio and atrial filling fraction; the 
| peak velocity ratio measured 1.4 + 0.3 (mean + 
| — standard deviation) in men vs 1.0 + 0.2 in wom- 
en (p <0.001). 
in conclusion, many constitutional and physio- 
logic factors and even life-style can influence the 
Doppler indexes of LV filling. This demonstrates 
the exquisite sensitivity of the method but indi- 
cates also that individual measurements must be 
interpreted with caution. 
(Am J Cardiol 1991;68:653-—659) 
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Doppler ultrasound is based on recording th 
transmitral flow velocity throughout the dias 









ing impairment in many types of heart disease,?~> and, 
given certain preconditions, they may even distinguish 
poor relaxation from abnormal compliance.® The in- 
terpretation of individual Doppler measurements canbe —__ 
difficult, however, because they are influenced not only 
by changes in the intrinsic LV diastolic properties, but — 
also by age, heart rate, valvular disease, loading condi- 
tions, and contractility of both ventricular and atria __ 
myocardium.® 8 a 

As with any new diagnostic technique, the behavior a 
and determinants of the Doppler filling indexes in | 
health should first be thoroughly known. Although —__ 
many valuable studies have been reported,?'!* they 
have, with few exceptions,!>14-16 focused on only | fac- 
tor at a time. Our purpose was to examine the influence = 
on the Doppler measurements of as many cardiac and 
noncardiac factors as was reasonable to assess ina non. 
invasive laboratory. The factors tested included data on. ae 
habitual physical activity, smoking and alcohol cone | 
sumption in addition to age, sex, body size, and a num- 
ber of cardiovascular measurements. To find out the 
independent explanatory power of each determinant, — 
the data were fitted into multivariate models in addition’ 
to performing univariate analyses when appropriate. 







METHODS : 
Study group: We studied 93 persons (54 men, 39°. 
women) aged 1] to 91 years (mean 45). They were. 4 
mostly nonpaid volunteers from the out-of-hospital pope 
ulation, but a few elderly persons were examined while . 
in the hospital for minor noncardiac reasons. All were 
caucasians and free of heart disease according to the 
following criteria: (1) no history of cardiovascular or | 
any other chronic disease, (2) no chest pain or dyspnea 
on effort, (3) no use of whatever regular medication, 
(4) normal findings on physical examination, (5) nor- 
mal 12-lead electrocardiogram, and (6) normal find- 
ings on a combined 2-dimensional and M-mode eche 
cardiographic examination. The population was di 
vided into 3 age groups: (1) <40 years (n= 4 
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years, (n = 21; 













Measurement 
Doppler Index (n = 10) 


Examination 
(n = 8) 












| Peak early diastovic velocity (cm/s) 1.1 7.2 
Peak atrial velocity (cm/s) 0.9 5.4 


rm 











_ Early to atrial peak velocity ratio 0.03 0.44 
Relaxation time-<ms) 5 ~ 2l 
: Acceleration of early flow (cm/s?} 53 434 
. Deceleration of early flow (c/s?) 32 120 
_ Atrial filling fraction 0.02 0.06 
-Peak filling rate (s~') 0.38 0.68 









- *The coefficients represent the 95% confidence intervals for absolute differences in 
_ paired determinations, 



























f Evaluation of individual subjects: We questioned 
`= the subjects on their habitual physical activity, alcohol 
«consumption and smoking, and classified them either as 
_ physically active or nonactive, regular or nonregular 
- drinkers, and smokers or nonsmokers. They were con- 
_ sidered physically active (n = 39) if they did >30 min- 
utes of aerobic exercise (jogging, swimming, cycling, 
"cross-country skiing) 23 times a week; otherwise they 
were considered nonactive (n = 54). Subjects drinking 
-alcohol 22 times a week (n = 41) were considered reg- 
ular drinkers; all the others (including the teetotalers) 
< were non-regular drinkers (n = 52). Fourteen subjects 
‘smoked daily, 79 were nonsmokers. 
The resting cuff blood pressure, body height and 
- body weight were measured at the time of the study. 
Body mass index was calculated as weight (kg) divided 
by the square of height (m). 
z We performed ultrasound studies with an instru- 
ment combining a spectral analyzer-based pulsed 
-o Doppler velocimeter and a strip-chart recorder with a 
mechanical sector scanner (Hewlett-Packard 77020A). 
< The transducer’s frequency was 2.5 MHz. The subjects 
were in a postabsorptive state and rested supine for 20 
to 30 minutes preceding the examination. The study 
-consisted of 2-dimensional imaging followed by M- 
mode recordings of left ventricular and left atrial di- 
mensions and Doppler velocimetry of mitral flow. An 
external phonocardiogram and an electrocardiogram 
vere recorded simultaneously with the M-mode and 
Doppler tracings. The chart speed was 50 mm/s. Our 
rotocol was approved by the institutional ethical com- 
nittee, and each participant gave a verbal informed 
consent. 
~ M-mode echocardiography: For the LV study, we 
positioned the M-mode cursor line across the left ven- 
ricle just below the mitral valve tips. The end-diastolic 
V dian eter and the — and posterior wall thickness 








Repeatability of o Repeatability of | 
















diameter — end-systolic diameter 
diastolic diameter. The LV mass was determin d 
the method of Devereux et al.!° The left atrial diamet 
was measured as the longest systolic dimension on T 
cordings taken through the aortic root and left atri- w 
m2 

Doppler echocardiography: We used the apical 4- 
or 2-chamber view to direct the Doppler cursor line — — 
through the mitral orifice as parallel as possible to the 
assumed diastolic inflow. The site of the sample volume 
was 0 to | cm below the mitral anulus, and it was 
adjusted according to the audible and visible signals to 2 
get a sharply defined velocity waveform. No angle cor- = 
rection was made. The recording consisted of a mini- 
mum of 5 cycles taken during quiet expiration. | 

The following Doppler indexes were measured on an 7 
x-y digitizing tablet as recently detailed: (1) peak 
early diastolic velocity; (2) peak late diastolic (atrial) 
velocity; (3) early to atrial peak velocity ratio; (4) the — 
time from the aortic component of the second heart 
sound to the point of peak early velocity, i.e., the relax- 
ation time; (5) the acceleration of the early flow; (6) 
the deceleration of the early flow; (7) the ratio of the 
atrial to the total velocity-time integral, 1.e., the atrial 
filling fraction; and (8) the ratio of the peak early ve- 
locity to the total velocity-time integral, i.e., the peak 
filling rate normalized to mitral stroke volume.?? Five 
cycles were analyzed and averaged for each measure- 
ment. 

We studied the repeatability of our Doppler method 
by blindly tracing twice the velocity curves of 10 sub- 
jects (repeatability of measurement), and by examining pir 
8 subjects twice at an interval of 1 to 6 months (repeat- 
ability of examination). The coefficients of repeatability — 
(Table I) were calculated as suggested by Bland and 
Altman.” oe 

Statistical methods: The primary objective was to. _ 
assess the relation of the Doppler indexes (dependent — Ss 
variables) to the explanatory factors (independent vari- > 
ables) included in our study. We performed such analy- =- 
ses both in the total population and in the 3 age-based 
subgroups using stepwise multiple linear regression =- 
analysis (SPSS statistical software). The explanatory- 
factors were the clinical and echocardiographic charac- 
teristics listed in Table I, as well as age, sex and 
dichotomized data on habitual physical activity (ac- 
tive = 1, nonactive = 0), alcohol use (regular drinker 
L, non- cme drinker ; = ey and smoking (smoker : 






















pee using - Pearson's S ost citi coefficients 
dent’s 2-tailed r test. The numerical data are | 


ages ae they indicate how much of the variation 
mean + standard deviation. 


| any ‘Doppler index was explained by the total equa- 


E TABLE li Clinical and M- Mode e Para Characteristics of the Study Group 


< Characteristic 


Body mass index (kg/m?) 

Heart rate (beats/min) 

Systolic blood pressure (mm Hg) 
Diastolic blood pressure (mm Hg) 


~ Left ventricular end-diastolic diameter (mm) a 


Fractional shortening 

Mean wall thickness (mm) 

Left ventricular mass (g) 
Left atrial diameter (mm) 


The data are mean + standard deviation. ca 


Doppler Index 


Peak early diastolic velocity (cm/s) 

= Peak atrial velocity (cm/s) 

-Early to atrial peak velocity ratio 

Relaxation time (ms) 
Acceleration of early flow (cm/s). 
Deceleration of early flow (cm/s*) 
Atrial filling fraction 
Peak filling rate (s~!) 


The data are mean + standard deviation. 


Age Su bgroup 


<40 Years TE a 
Kra da O; 


All Subjects 
(n = 93) n= 40 


28+9 | 26 + 10 
66 + 11 66+9- 
127 + 18 
76 + 11 F129 |, 
A945 4945. om 
0.35 + 0.06 0.36 + + 0.05. 
9.0 + 1.0 86410- 

‘1794 44. 165 + 47 
32 +4 a 30+4 | 


-| TABLE M Doppler Indexes on Left Ventricular Filling in the Study Group 


Age Subgroup 


<40 Years 
All Subjects (mean age 27) 
in = 93) n= 40 


63 +14 739 
48+ 15 38 + 8 
15+0.6 2020.5 
149 + 25 139 + 19 
858+ 250 925 +227 — 
- 423 + 120 ~525 +119 
0.32 + 0.12 0:23 t 0.06 — 
4.909 5.5 +06 


: TABLE IV Regression Models for Doppler Filling Indexes in the Total Study Group 


- Peak early diastolic velocity (cm/s) 
Peak atrial velocity (cm/s) . 


Early to atrial peak velocity ratio 
Relaxation time (ms) 
Acceleration of early flow (cm/s) 
Deceleration of early flow (cm/s?) 


Atrial filling fraction 


- Peak filling rate (s~1) 


~0.41 x age (45%) — 0. 95 x BMI (6%) + 104 


x DBP (2%) ~ 14 


119413 


E 40 i 60 Years | 


(mean age 50) 
he 32° 


| za 


65 + 12. 
(130+ 18. 
49-4 + ai: 


0585008 


. DIELO 


-190443 


33 +3. 


40 to 60 Years 
(mean age 50) 
n= 32 


582411. 
48 + 10: 
L203 

152+ 26 

806 + 130. 


~372 + 103 


0.34 +-0.07 
46+ 0.7 


R2(%)* 


— 0.53 x age (56%) + 0.39 x HR (7%) ~ 6.4 x ALC (4%) + 0.19 


-0.02 x age (68%) ~ 0.03 x BMI (4%) — 0.01 x HR (3%) -0. 008 7 


x DBP(1%) + 4.6. 


0:5 x age (18%) — 12.5 x ALC (6%) — 0.57 x HR (7%) 5 


x BMI(4%) + 135 
~14.9 x BMI (4%) + 1208 


44x age (46%) + 7.0 x BMI (3%) ~ 786 - 
0.004 x age (61%) + 3.7 x HR (12%) + 5. 4 x. BMI (4%) ~ 


0.04. 


x ALC (3%) +0.002 x DBP (2%) — 0.03 x ACT (1%) -O.3 °° | ; 
-0.03 x age 148%) +0.02 x HR (9%) + 0.34 x ALC (5%) ~ 0.04 — 
x BMI (3%) +0.31 x ACT (2%) ~ 0.03 x LVM (2%) + 5.6 


2 ithe square of the multiple correlation coefficient) | indicates how much of the oe the Doppler index is explained by the overall mete The pernentage ift parenthes 


rie ndicates. the change in R? resulting from the addition of the factor into the mode 
Stic Hof sodel; the inclusion criterion for each individual factor was p < 0.05. 
Prano use dogi = l, oe © = 0); BMI = body mass. index; ‘DBI 


> 60 Years 
(mean age 7a 


n= 2l 


>60 Years 
(mean age 73) 
n= 2] 








RESULTS 

The clinical and M-mode echocardiographic data 
are summarized in Table II and the Doppler data in 
Table III, beth for the whole study population and for 
the 3 groups of age. 

Determinants of the Doppler indexes in the total 
study populaton (Table IV): Age alone explained 45 to 
68% of the variation in the peak early and late diastolic 
velocities, therm ratio, atrial filling fraction and peak fill- 
ing rate (Figure 1). Although heart rate, body mass 
index, alcohd consumption, physical activity, diastolic 
blood pressure and LV mass also had statistically sig- 
nificant effects on =1 Doppler variable (p <0.05), their 
contribution as clearly smaller. 


Peak E velocity (cm/s) 


80 100 


Age (yeors) 





Systolic blood pressure, left atrial diameter, LV 
end-diastolic diameter and mean wall thickness each 
showed statistically significant univariate associations 
with 21 Doppler index, but none had independent in- 
fluence in multivariate analysis. Systolic blood pres- 
sure, for instance, correlated directly with the peak 
atrial velocity (r=0.49) and atrial filling fraction 
(r =0.50) and inversely with the peak velocity ratio 
(r = —0.48) and the peak filling rate (r = —0.38) 
(p <0.001 for all). However, it was also age-related 
(r = 0.48, p <0.001) and had no effect after age had 
been taken into account. Likewise, left atrial diameter 
correlated with peak atrial velocity (r = 0.35) and atri- 
al filling fraction (r = 0.28) (p <0.01), but neither as- 


Peak A velocity (cm/s) 





Early flow deceleration (cm/s) 


Age (years) 


FIGURE A ee eet peak late diastolic (A) velocity, et E y ee 
peak filling rate normalized to 


early flow velociliy, atrial filling fraction and 


healthy persons aged 11 to 91 years. The triangles and circles 


mitral stroke volume as a function of age in 93 


indicate men and women, respectively. 
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.. Peak early diastolic velocity (cm/s) 
~ Peak atrial velocity (cm/s) 

~~ Early to atrial peak velocity ratio 

~ Relaxation time (ms) 

` Deceleration of early flow (cm/s?) 

_ Atrial filling fraction 


_ Peak filling rate (s~?) 


. Peak early diastolic velocity (cm/s) 


Peak atrial velocity (cm/s) 
Early to atrial peak velocity ratio 


| Relaxation time (ms) 


 Decleration of early flow (cm/s2) 
Atrial filling fraction 


Peak early diastolic velocity (cm/s) 
Peak atrial velocity (c/s) 

Early to atrial peak velocity ratio 

‘Relaxation time (ms) 


Age > 40 Years 


—0.46 x age (22%) + 86 

0.51 x HR (22%) + 0.43 x age (23%) - 8 - 
-0.03 x age (30%) — 0.03 x HR (22%) + 4.7 
26x BMI (17%) — 1.0 x HR (18%) — 
50x age (16%) — 660 


0.0003 x LVM (4%) —0. 08- 
0.03 x HR (19%) ~ 0.06 x BMI (11%) + 4.8 


Age 40 to 60 Years 


133 x FS (29%) + 9.5 
~14.6 x sext (57%) + 56.8 

0.39 x sex (32%) + 1.0 

3.3 x LVEDD (27%) - 20.« ALC (14%) -1. 3 
~1050 x FS (20%) + 9 


0.12 ' x sex (47%) + 0.4 


Age >60 Years 


10.3 x ACT (20%) + 49 

1.0 x age (27%) + 0.1 x LVM (18%) -32 

0.17 x ACT (40%) — 0.006 x DBP (14%) + 1.2 
1.8 x age (36%) + 30 


9.8 x ALC (7%) +150 | 


R2(%)* 


0.006 x age (25%) + 0.003 x HR (30%) ~ 0.06 x ALC (11%) "p 


"F Atrial filling fraction 


Peak filling rate (s~?) 0.03 x HR(26%) — 


*R2 (the square of the multiple correlation coefficient) indicates. how much of the variation į 


each factor indicates the change in R? resulting from the addition of the factor into the 


model. 


0.004 x HR (23%) + 0.004 x DBP (24%) -0.12 
0.03 x DBP (22%) + 0.62 x SMO (17%) + 4.4 


in the Doppler index is explained by the overall model. The percentage in parentheses after 


TF and p values = the statistical significance of the model; the inclusion criterion for each individual factor was p < 0,05. 


{Men =1; women = 0, 
FS = fractional shorteaiig: LVEDD. = 


== sociation was statistically significant in multivariate 
se analysis, 
Determinants of the Doppler indexes in young per- 
a cone (Table V): Age and heart rate were the most im- 
< portant factors in the young and accounted together for 

45 to 55% of the variation in the peak atrial velocity, 
peak velocity ratio and atrial filling fraction. Body mass 
-index had a modest effect on the relaxation time and 
-... peak filling rate, and alcohol had a comparable but di- 
_ fectionally opposite effect on the relaxation time and 

-atrial filling fraction. 





Determinants of the Doppler indexes in middie age 


(Table V): Gender was the strongest explanatory factor 
and accounted for 32 to 57% of the variation in the 
peak atrial velocity, peak velocity ratio and atrial filling 
-© fraction. The peak atrial velocity measured 42 + 6 
>- cm/s in men (n= 19) vs 5747 cm/s in women 
(n = 13) (p <0.001), the peak velocity ratio 1.4 + 0.3 
_ in men vs 1.0 + 0.2 in women (p <0.001), and the atri- 
-al filling fraction 0.29 + 0.10 in men vs 0.41 + 0.10 in 
women (p <0.001). Alcohol had an effect on the relax- 
ation time also i in middle-aged persons. 

€ a s te Doppia, aces ters 














tive to such important variables as systolic blood pres- 


< indexes in our study population. Acceleration of the 
early flow- velocity was the only measurement unrelated 


ars. age, heart rate, dia- . (“a 


feft ventricular end-diastolic diameter; SMO = smoking (smoker = 1, nonsmoker = O}; other abbreviations as in Tabie IV, 


physical activity on the peak velocity ratio, which mea- 
sured 0.95 +0.15 in the active elderly (n= 7). vs 
0.74 +0.12 in their nonactive age mates (n = 14) 
(p = 0.01). 


DISCUSSION a 

Our results demonstrate that the Doppler indexes of = 
LV filling are influenced by many constitutional and — 
physiologic determinants and even by such characteris- 
tics of life style as alcohol consumption and physical 
exercise. However, in healthy subjects they are insensi- 












sure, left atrial size, and LV size, wall thickness and _ 
systolic function. 

Age: As in many cation studies, !0-!5.24.25 age was 
the most powerful determinant of the Doppler filling 








to age, but the validity of this finding is questionabl 
due to the poor repeatability of this index (see Table 
The pattern of changes with age in the Doppler mi 
surements suggests a reduction in the rate of LV rel: 
ation.67 To all appearance, it represents a an alteratio 






















difference. Car own data are so consistent, however, 
that the odds are >1,000 to | against a chance finding. 
The most lik=:y explanation of these conflicting results 
is that the pcpulations in these studies differed in some 
important aspect. Because we excluded each individual 
with regular nedication, none of our female subjects 
were taking <strogen or other hormonal therapy. No 
information avout the use of drugs was given in the 
other studies.!*:!4.24 Of importance, animal studies have 

-= shown that bath gonadectomy and sex hormone thera- 

py can alter LV diastolic performance.** Our hypothe- 

-sis is that the sex difference in LV filling in the middle- 
aged could be related to the effects of female meno- 
pause, but we admit that there may be other factors 
than hormona: status, not studied by us, that differenti- 
ate men from women in this age period. 

Body masa index: Body mass index had an indepen- 
dent though nall effect on each Doppler variable ex- 
cept the peak atrial velocity. With increasing index 
(i.e., with increasing overweight), the variables of the 
early diastolic flow were consistently reduced, whereas 
atrial filling Fraction and relaxation time were in- 
creased. A nowel finding, this suggests that even non- 
morbid obesi: may impair LV diastolic function. 

Heart rate and blood pressure: Heart rate had a 
relatively smz4d influence on Doppler indexes in our to- 
tal study popdation. Nevertheless, with increasing con- 
traction frequency, the peak atrial velocity, atrial filling 

fraction and seak filling rate increased, whereas the 
peak velocity “atio and relaxation time decreased. The 
effect was mest prominent in the youngest age group. 

Systolic biod pressure had no independent effect on 
the Doppler itdexes even though it showed modest cor- 
relations with them in univariate analyses. Diastolic 

>> blood pressure was somewhat more important in this 
respect, with = higher pressure being associated with a 
= shift of filling to late diastole. The insensitivity of the 
Doppler filling indexes to blood pressure is a constant 
- finding in seral studies as well: neither Takenaka et 
i al!® nor Smith et al?” found any changes in the peak 
; eties at the time of marked acute eleva- 
tions of blood sressure in healthy persons. Nevertheless, 
altered peak velocity ratio is a frequent finding in 
chronic hypertension. ! 
2 ee ee oe 























hetween men mes omei n t finding a comparable that in A pene pene the a filling index 


reflect the myocardial diastolic properties more closely 
than the gross structure of the left side of the heart. 


Nevertheless, in our middle-aged subjects both frac- — i 


tional shortening and end-diastolic diameter had an ef- 
fect on the Doppler measurements. This is difficult to ~~ 
explain and must be addressed in future studies. 5 
Physical activity and alcohol: Regular physical ac- 
tivity was associated with a favorable change in early 
LV filling in our subjects. This was most conspicuous in 
the elderly, in whom physical activity had a strong posi- 


tive effect on the peak early velocity and early to atrial. : 


peak velocity ratio. A similar finding has previously 
been reported both in highly trained young athletes??30 
and in older runners compared with sedentary control 
subjects,*! but none of these studies adjusted for either 
the lower heart rate or the smaller body mass index in 
the physically trained subjects. 

Regular use of alcohol at least twice a week, in con- 
trast to occasiona! drinking and total abstinence, had an 
independent increasing effect on the peak filling rate 
and a decreasing effect on the atrial filling fraction, 
peak atrial velocity and relaxation time in our study 
group. This pattern of changes is compatible with a fa- 
vorable change in LV relaxation.*® The alternative ex- 
planation, an increase in left atrial pressure, is extreme- 
ly unlikely in our healthy and asymptomatic nonheavy 
drinking subjects. We have previously shown that 
chronic excessive drinking impairs the early filling in- 
dexes and prolongs the relaxation time,** whereas a 
modest acute alcohol intake has little effect in healthy 


persons.?! Altogether, these data lead us to the provoc- = $ 


ative idea that alcohol could have a 2-faced influence 
on LV filling: favorable when used regularly in modera- 
tion but deleterious if abused. We strongly emphasize, 
however, that the statistical associations we report do 
not move causal relations. Rather, they should be seen 
as a source of hypotheses for further research. 
Smoking did not appear as a major determinant of 
the Doppler indexes in our study. However, our group 
was not large enough to measure its true influence since 
there were only 3, 6 and 5 smokers among the young, 
middle-aged and old subjects, respectively. = 
Methodologic limitations: Because we studied 


healthy volunteers, we could not include invasive hemo- 
dynamic measurements in our analyses. The lack of > _ 
data on left atrial pressure, an important determinant 
of Doppler pied 17 appears particularly serious. 


t that our subjects. w were e free of heart | 






















hink that the effect of any gerne faciar canab: 
; uting >10% to the variation of the Doppler measure- 
“ments should be considered in the interpretation of indi- 
vidual data. The effect of age could be taken into ac- 
-count in part by comparing individual measurements to 
3 normal values separately in the young, middle-aged and 
cold persons (Table II). Regarding the early to atrial 
_. peak velocity ratio, the clinician should then also adjust 
ue for the effects of age and heart rate in the young, sex in 
-> the middle-aged, and physical activity as well as dia- 
-stolic blood pressure in the elderly (Table V). Because 
of the strong confounding effect of left atrial pres- 
~sure,®!7 conclusions about LV diastolic function should 
be made only after pulmonary congestion (or dehydra- 
tion) has been corrected as fully as possible. This may 
< appear a complicated procedure, but-no solution is sim- 
-ple and reliable at the same time. Much more work is 
-needed to augment the clinical use of Doppler filling 
indexes, lest they remain only prolific research tools. 
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‘College | of Virginia Twin Study) 


Henri A. Verhaaren, MD, Richard M. Schieken, MD; ‘Michael Mosteller. PhD, 
John K. Hewitt, PhD, Lindon J. Eaves, PhD, DSc, and Walter E. Nance, MD, PhD 


Left ventricular (LV) hypertrophy i in. adults i isa 
recognized risk factor for the subsequent devel- 

opment of cardiovascular morbidity. To make in- 

formed preventive health decisions it is impor- 

tant to understand the interaction of genes and 

environment on LV mass. In both children and 

_ adults, weight is a strong correlate of LV mass. 

We hypothesized that genetic influences common 

to both of these variables could in part explain 

_ the strong relation between weight and LV mass 

in children. In a population of 341 twins (11 

-years old), these questions were asked: (1) How 

much of the total variance of LV mass is under 

genetic control? (2) After accounting for weight 

and weight adjusted for sexual maturity, how 

-much of the remaining variance is genetic? (3) 

: Of the total genetic variance, what proportion is 

- specific for LV mass and what proportion is 

- common to both weight and LV mass? (4) How 

much of the correlation between these 2 vari- 

ables is explained by genes common to both LV 

mass and weight? Univariate genetic analyses 

documented that genes operating at different 

__ magnitudes in boys (63%) and girls (71%) ex- 

_ plain a significant proportion of the variance of 
‘LV mass. After removing the effect of weight 

and sexual maturity by regression methods, 

: -genes remain an important influence. Bivariate 

genetic analyses confirmed that genes common 

to LV mass and weight significantly influence the 

- covariation of these variables and that >90% of 

the correlation of LV mass and weight is due to 

. common genes. 

(Am J Cardiol 1991;68:661—668) 


From the Division of Pediatric Cardiology, Children’s Medical Center, 
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echocardiography has been established to be 
both a consequence of hypertension and a more 
sensitive predictor for the subsequent development of 


| L eft sailed a hypertrophy assessed by | 


coronary artery heart disease in adults.'* Increased LV. 
mass, determined echocardiographically, was associated = 


with all cardiovascular events occurring in both the 
original Framingham cohort and their offspring.* This 
relation persisted after adjustment for age, diastolic: 
blood pressure, treatment for systemic hypertension, 


cigarette smoking, diabetes ‘mellitus, obesity, lipid ab- ig 


normalities. and electrocardiographic evidence of LV 
hypertrophy. In the elderly Framingham cohort, similar 
findings were observed for the predictive power of LV 
mass.“ 

In adults of all ages, Gardin et al? found weight to 
be positively correlated with LV mass. In children as 
well, LV- mass is closely correlated with measures of 
body size, such as weight and body surface area.®” Al- 
though the dimensions of cardiac wall thickness and 
chamber diameter in children do not vary linearly with 
body surface area, the echocardiographic assessment of 
LV mass does vary exponentially with body surface 


area.’ Among the school age children participating in Q 


the Muscatine study, body size measures accounted for 
14% of the variability of LV mass.? 


In a study of adult twins who had been reared __ 
apart, genetic influences on body mass index were: 
found to be substantial and childhood environment to. | 
have little or no influence.!° Other genetic epidemiolog- = 
ic studies of body size in children using either twins or a 
adopted sibships have found important genetic influ 


ences for LV mass and body size.'!!* In children, 


weight is under strong genetic control. Bodurtha et al, = 
in a study of school age twins, found that genes ac- = 


counted for 90% of the variability of weight. i 
Recently preventive measures are being advocated ` 
which are aimed toward prophylactically reducing LV 
mass.!4 To make correct, informed preventive decisions 
it is important to understand the scientific basis for. 
ulation. of Ly. mass. a Beci Ra om the know n associa 














twins, we asked the following questions: (1) How much 
of the total variance of LV mass was under genetic 
control? (2) After accounting for weight and sexual 
maturity, how much of the remaining variance was ge- 
netic? (3) Gr the total genetic variance, what propor- 
tion was speefic for LV mass and what proportion was 
common to th LV mass and weight? (4) What pro- 
portion of the correlation between LV mass and weight 
was explained by genes common to both? 
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METHODS 

Patient population: We ascertained 341 twin pairs 
living in the Commonwealth of Virginia using school 
rosters for identification. Descriptions of our study were 
sent by the school to the families and affirmatively re- 
plying families were invited to participate. All twins 
were examined as close as possible to their eleventh 
birthdays. Within the total population of 341 twin 
pairs, there were 254 caucasian twin pairs that made 
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FIGURE 1. IMestrative path diagram. Model of left ventricular mass (LVM) being caused by genetic effects, and shared and non- =; 


effects, 
respectively. 7 denotes the correlation of the genetic effects between the 2 twins. y = 1 if the twins are monozygotic. y = 0.5 
if the twins ar= dizygotic. The correlation of the environments shared by cotwins is fixed at 1.0. Bottom, full bivariate genetic 


model. WT = weight. 
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- opposite sex where male twins were designated twin 1. 
- The average age was 11.2 + 0.2 years. 
< Zygosity determination: Zygosity was assessed by a 
- questionnaire and confirmed by testing of the twins and 
their parents for the ABO, MNS, Rh, Kell, Fy, Hp, 
Tf, Hb, PGM, AP, G-6-PD, Ct and LDH systems. 
HLA typing was also performed. With this. battery of 
-< polymorphisms, the probability of dizygosity for con- 
_ cordant pairs typically is <0.001.55 
‘Fanner stage: Pubertal staging of all children was 
-performed using a 5-scale score based on Tanner’ S cri- 
- teria.!6 
. Echocardiography: en ETA dimensions 
were measured according to standardized criteria from 
-the mean values of 3 cycles.!7 Cardiac dimensions were 
measured using a digitizing tablet and the values stored 
in ASCII files. Test-retest reliability with repeated 
measures of subjects and repeated digitizing of dimen- 
‘sions achieved an intraclass correlation of 0.92. 

LV mass was calculated using the Penn convention 
where: LV mass (g) = 1.04 [(Dy + PW + VS} — 
Da] — 13.6, where Dg is the LV diastolic dimension, 
PW is the wall and VS is the ventricular septum. This 
equation permits an estimate of LV mass by assuming 
that the ventricle is an ellipsoid during end diastole.'® 
-o -Statistical analyses: DESCRIPTIVE STATISTICS: Mean 
‘differences within twin pairs were tested with a paired 1 
test, male-female differences with a pooled z test. To 
summarize the twin-twin correlation by zygosity, corre- 
lation coefficients by sextype within zygosity group 
were pooled using a z-score procedure developed by 
»Fisher.'? This procedure includes a test for the homoge- 
neity of the correlation coefficients. A natural log trans- 
formation was used to normalize the distributions of 
weight and LV mass, both of which were positively 
skewed. To examine the extent of assortative mating, 
we examined spousal correlations for weight and body 
-mass index. 

UNIVARIATE GENETIC ANALYSIS: Our use of path ana- 
lytic techniques for univariate genetic analyses has been 
described in previous publications. >20 Causal hypothe- 
ses are represented as path diagrams in which observed 
variables are proposed as being determined by specified 
-but unmeasured causes, such as genes and environment 
(Figure 1). The inclusion of opposite sex twins allows 
zan estimate of sex specific genetic or environmental in- 
fluences, or both. Lower correlations between opposite 
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Male—male _ Mean 103.7 98.4 38.6 38.5 
| | +SEM +52 +42 +22 +16 
p Value- 0.22 0.95 
No. 23 23 
Female—-femaie Mean 93.9 88.8 39.9 39,1 
| - +SEM +39 +43 +15 +16 
p Value 0.25 0.59 
No, 30 30 
Male~female Mean 99.2 93.6 36.9 39.5 
+SEM +25 +29 +10 241.2 
p Value 0.12 0.06 
No. as.) Bi 54 





7 
titates these differences. To formally test for sex differ- 
ence, the chi-square of the model, genes and nonshared | 
environment, (he) is compared to the chi-square of the 
model that allows for different magnitudes of genetic = 
effects for boys and girls (hh’e). These models assume 
random mating with respect to LV mass and weight, 
no gene-environment interaction, no dominance or epi- 
static effects, and that monozygotic and dizygotic twins = 
share environments to the same degree. 

The LISREL VI program?! was used to obtain 
maximal likelihood estimates of model parameters and 
a chi-square goodness-of-fit statistic. Pairwise compari- 
sons of alternative models were performed. The sim- _ 
plest model that adequately explained the data was se- 
lected as the best one.?? To assess the genetic effects on 
LV mass after removing both the genetic and environ- 
mental effects of weight and sexual maturity, we fir 
regressed LV mass on. weight and on weight plus Tar 
ner stage. We performed a univariate genetic analys 
on each of the resulting residuals. 

BIVARIATE GENETIC ANALYSIS: We performed bivaria’ 
path analysis to investigate the nature of the interrel: 
tions between the genetic and environmental determ 
nants of LV mass and vopn The effects included 





ersus. same Sex. dizygotic twins suggest different | m n ( | en: JA A 
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l ovale associa with the nul hypothesis that ali the pooled correlation: coefficients are. equal. | 
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-| TABLE Mi Results of Univariate Genetic Analysis* 
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“Best” Model Ferameter Estimate SEM Estimate SEM 


Males 
Genetic {h2} 
Shared env. w?) 
Nonshared ew, (e?) 
Females 
Genetic (h?) 
Shared env. œ?) 
Nonshared ew. (e?) 
Goodness of fit tests 
Chi-square 
df 12 12 
p Value 
Common envirerment test 
Chi-square 0.0 0.0 
df 1 l 
p Value 
Sex differencestst 
Chi-square 
df l l 1 
Ue p Value 
oo. he, ct, and e? dete the co mpra of risg due to genetic effects, and shared 
£ and nonshared enwronmerital 


= df= degrees of fieadom; LV = left Venncuar: im = environment; SEM = standard - 
oer mean; ~T = weight. 
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correlation for either weight (r = 
cients appear in Table II, by ‘zygosity. and. sex type 
group for all of the variable-twin. combinations. Afte 
cients were larger than the across twin dizygotic coef 
make a significant contribution to the observed v: 


tion. The pooled correlation coefficients within individ 


| oe es = 38. pier be of the variation shn LY n mass coul 


ic and environmental effects that are either specific for 


LV mass or common to both LV mass and weight. In 

addition, this model (see Appendix IIE) can be used to- 2 
partition the correlation of LV mass and weight into 
genetic and environmental components.4 -o 


RESULTS 
Means: Table I presents a comparison of the un- 
transformed LV mass and weight by zygosity and sex. 
The results are presented as mean + standard error of 
the mean. When pooled, the boys had greater LV mass __ 
than the girls (98.0 + 1.2 vs 89.8 + 1.3 g; p <0.01). 
When compared with monozygotic twins, dizygotic 
twins had both greater LV mass (96.0 + 1.5 vs 92.1 + 
1.1 g; p <0.03) and weight (38.6 + 0.8 vs 35.7 + 0.4_ 
kg; p <0.01). By Tanner staging, the girls (2.14 + | 
0.06) were more’sexually mature than the hoys Sah 10 + es 
0.04; p <0.01). Ses 
Correlations: To explore the extent of assortative cS 
mating, spousal correlations for weight and body mass: — 
index were examined. We found no significant spousal 
0.08; p = 0.28) or Ce 
body mass index (r = 0.10;p=0.16) 020000 
The Pearson product-moment. correlation - coeffi- 


















pooling by sex type, the across twin monozygotic coeffi 





cients for both variables, suggesting that. genetic ef ect 





al twins for LV mass and weight resulted in a ar 
correlation (r = 0.62), suggesting that a sizable | prop 





pairs were higher than those for the dizygotic pairs, 
which may indicate that genetic effects are important 
in explaining covariation between the 2 variables. 
Univariate analyses: Table III presents the best 
models for the univariate analyses of unadjusted LV 
mass and the residuals of LV mass on weight and Tan- 
ner stage. The regression of LV mass on weight was 
significant (r? = 35.3%, p <0.0001). No significant 
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differences were found for the univariate genetic analy- 
sis of the residuals of weight or the residuals of weight 
and Tanner stage. The model presents the parameter 
estimates of the residuals of weight and Tanner stage. 
In both cases (unadjusted and adjusted LV mass), a 
model that included genetic effects of different magni- 
tudes in male (59.9%) and female (73.3%) twins and 
nonshared environmental effects was the most appro- 
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FIGURE 2. The best-fitting reduced bivariate model, with parameter estimates and standard errors. The best model did not in- 
clude any shared environmental effects. Bottom, alternate form of bivariate genetic model. For simplicity, nonshared environ- 

mental effects are not shown. GC; = genetic effect common to both variables in twin j (j = 1,2); EC, = nonshared environmental 
left 
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“1 Genetic effects 
















Specific to Ly nass 26.19 36 23 

Common to F® mass and weight 45.89 64 40 

Total genetic: 72.08 100 63 
Nonshared envaonmental effects 

Specific to Ls. nass 38.50 92 34 

Common to mass and weight 3.22 8 3 

Total nonsharsd environmental 41.72 100 37 
Total 113.80 100 













Genetic effects 





Specific to LY nass 58.16 56 40 

Common to E” mass and weight 45.89 44 31 

Total genetic: 104.05 100 71 
Nonshared envronmental effects 

Specific to LY "nass 38.50 92 27 

Common to E" mass and weight 3.22 8 2 

Total nonshar=d environmental 41.72 100 29 
Total 145.77 190 





LV = left ventricular 


` priate. Neither model detected shared environmental 
effects. The zercentage of the variance of LV mass at- 
tributed to g2nes is higher in the analysis of unadjusted 
LV mass then in the analysis of the residuals. 
Bivariate zenetic analyses: The best-fitting bivar- 
iate model (goodness of fit chi-square = 25.0; 40 de- 
< grees of freedom; p = 0.97), with parameter estimates, 
is depicted ia Figure 2. The magnitudes of all the ef- 
fects were equal in male and female subjects with the 
exception of zhe specific genetic effects on LV mass, 
-© which were slightly higher in female subjects. The 
` model in wksch the specific genetic effects were con- 
-strained to be equal in boys and girls (chi-square = 
. 31.8; 41 degrees of freedom; p = 0.85) fit less well. The 
~ difference in “he 2 chi-squares was 6.8 with 1 degree of 
- freedom, wheh was highly significant. We therefore re- 
_ jected the hroothesis that the magnitudes of the effect 
in boys and girls were equal. 
= Table IV s a tabulation of the variance of LV mass 
partitioned #s EEC nog to source, based « on the best-fit- 





impact of g= a effects was slightly Hehet | in ea: 
han i in page The kava effects in rie were, for bas 








to common n genetic 


mental effects common to the 2 variables. The g 
component of the correlation was 91.7%, and the e 
ronmental component of the correlation was | 
These results provide a framework for understan C 
the covariation, within an individual, of LV mass 
weight. E 



















DISCUSSION cee 
School age children who were persistently in the re o 
per quintile of the blood pressure distribution for their < 
age and sex had LV mass measurements that were be- 
yond the expectation for their weight.? In contrast, for : 
children in the middle and lowest quintiles of the blood 
pressure distribution, LV mass was as expected f 
weight. In a recent study of the predictors of systolic 
blood pressure in children, weight and LV mass were oe 
highly correlated.*> Fe 

Adams et al, using |-way analysis of variance 
methods of Bouchard et al,'! found familial influences 
on echocardiographic LV mass in college age students 
that included shared environmental plus genetic factors. 
They stated that further studies were necessary to fully 
characterize the specific contributions made by environ- 
mental or genetic factors, or both. 

In black young adult twins, both before and after 
adjustment for body size, the intrapair variance of LV 
mass was higher for dizygotic than for monozygotic 
twins.?” Regression analyses were performed using sex, 
systolic blood pressure and age as predictors of LV 
mass. In each instance the intrapair differences were 
greater for dizygotic twins. The investigators concluded __ 
that both genetic and environmental factors are impor- — 
tant determinants of LV mass in blacks and that the. 
influences are independent of sex, blood pressure and =~ 
ce : vou 
In a study of 6- to 8-year-old twin children, LV = 
mass correlated significantly with weight.*8 In addition, 
the intrapair variance of LV mass and LV mass adjust- 
ed for weight and sex was higher for dizygotic than for. 


monozygotic twins. These observations strongly suggest 


that genetic influences are important in the variance o 
LV mass in children and that these factors may diffe 


in boys and girls, However, the sample size of thei 


study precluded the use of maximal likelihood. analys e 

that would quantitate the variance into genetic and en 

vironmental contributions. | 
Bivariate path analytic techniques, whi 


common to r : 


rofits from design fea- 





ures s that inc de a large sample of early pubertal twins 
f both sexes and same age. Our study was performed 
nly in white children because we detected racial het- 

geneity in the genetic regulation of LV mass. Unfor- 

ately at this time our sample of black children is not 
arge enough to adequately perform path analysis by 
To understand more fully the relations of LV mass 





0 weight, we began by studying the overall contribu- 


on of genes toward regulating the size of the left 
heart. Our study documents the following: (1) Genes 
account for 260% of the total variance of LV mass in 
< early pubertal children; (2) no shared environmental 
_ factors contribute to the variance; and (3) the magni- 
- tude of genetic effects is different in boys than in girls. 
_ Importantly, the Tanner stages of sexual maturity 
_ showed that the girls were more advanced than the 

boys. The difference in sexual maturity may be partly 
reflected in weight because the addition of Tanner 
< stage to the regression of LV mass did not alter the 
subsequent univariate genetic analysis of the residuals. 
Longitudinal genetic studies of these children as they 
enter young adulthood may help to determine the ef- 
. fects of puberty on LV mass. As the boys enter more 
-advanced puberty, their estimated heritability of LV 
mass may increase to equal the heritability estimate of 
_ the girls. This would imply that different genes operate 
in childhood and adulthood and that there are no sex- 
determined LV mass heritability differences in adult- 
hood. On the other hand, boys and girls may become 
less alike as they mature, suggesting that in adulthood 
different genes operate in each sex. 

Previous work confirms that weight is under strong 
-genetic influence in children.!3 In univariate analysis, 
< genes strongly influence weight and strongly influence 
LV mass. We chose to further analyze the genetic and 
_ environmental components of LV mass into specific ef- 


fects on LV mass alone and the effects common to 


-weight and LV mass, 
A usual analytic procedure to jadeo a relation 


“between 2 variables is to remove confounding relations 


-by regression procedures. By regressing LV mass on 
-weight and Tanner stage, we removed the direct pheno- 
-typic effects of weight and sexual maturity on LV 
mass. In so far as effects on variables such as height 
have effects on LV mass mediated through weight, ad- 
“jus ment of LV n mass s for Sayan will also 1 remove these 








tor model, we font that specific environmenta 
ences common to weight and LV mass account 
<3% of the total variability in children of both SEXES. 
Based on our observation, the success of preventive in- 
terventions in normotensive children to decrease LV 
mass by moderate weight reduction may be limited.?! 
What effect weight loss might have on LV mass in — 
obese hypertensive children i is not known and warrants ` 
further study. oe : 

Importantly, this genetic analysis allows us to begin . 
to understand the constant epidemiologic association of | 
weight and LV mass. Over 90% of the correlation be- 
tween these 2 variables in both boys and girls was ex- 








plained by genes. The genes that control LV mass in- o 
clude both those specific to LV mass and those com- ~ 


mon to LV mass and weight. The genetic effects 
labeled “specific” for LV mass may include genes 
shared with other heritable variables such as blood 
pressure or heart rate. The bivariate analysis provides 


the basis for the initiation of multivariate models that LS 
can include both genetic and environmental variables to 


further define the mechanisms regulating LV mass. — ag 
Acknowledgment: We acknowledge the technical _ : 


expertise of Anita Cook, Lynn Stevenson, B. Josie — 
Toms, Chun Chen, Beverly Hairston, and Wanda 


Smith. 
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: APPENDIX 1 
`: > Full modei for bivariate genetic analysis: The full 

bivariate patt model used to explore the causal relation 
between LV mass and weight is shown in Figure 1, 
tom. The observed or measured variables are LV 
ss (LVM? and weight (WT). The paths for both 
imon effee’s and specific effects are illustrated. The 
pasura sariables are: Gc -= -tne ae effect 
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APPENDIX u Es = 
Alternate formulation of the bivariate genet 
The reduced bivariate model in which weight (w 
caused exclusively by effects common to both LV mass- 
(LVM) and weight is shown in Figure 2, bottom. All 
effects of shared environment are omitted for simplicity 
h denotes the magnitude of common genetic effects on 
LVM; h’ os the magnitude of common genet 
effects on WT; e denotes the magnitude of commi 
nonshared environmental effects on LVM; e’ denotes tl 
magnitude of common nonshared environmental effec 
on WT. : 


APPENDIX TE | | 
Partitioning the left ventricular mass-welght corre- ee 
lation: The correlation between LV mass (LYM). a and nd aE 
weight (WT) is given by: nage 
Cov(LVM,WT) 


Corr LW) = ———— 
y Var(LVM) Var(WT) 


hh’ + ee’ 
hh’ ee’ 
Thus, the component of the observed correlation due to 
genetic effects 1s: 
hh’ 
and the component due to environmental effects is: 


? 


ee’ 
hh’ + ee’ 






For LV mass and weight, the genetic component of the 
correlation was: 
(6.77)(8.31) 5626 
(6.77)(8.31) + (1.79)(2.86) ~ 56.26 + 5.12 


56. 26 


=O a 917% 


The environmental component of the correlation Ya 


(1.79)(2.86) 5,12 
6 77X8. 3D + ac 79). a ~ 56. 26 + 5.12 























»ppler Color F low Mapping Tec niques 
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To determine if left ventricular (LV) ejection 
action (EF) can be accurately measured from 

_ the color Doppler examination, 11 patients (aged 
-0.4 to 22 years) underwent 2-dimensional and 
_ color Doppler examinations within 24 hours of 

_ cardiac catheterization. With use of a biplane 
Simpson's rule, LV end-diastolic volume, end- 
systolic volume and EF were measured from 
cineangiograms, 2-dimensional echocardiograms 
-and color Doppler examinations. The 2-dimen- 
sional echocardiographic and color Doppler mea- 
surements were obtained from apical 4-chamber 
and long-axis views. The color Doppler examina- 
‘tions were performed by placing the color sector 
-over the left ventricle only. The velocity scale 
was set at the lowest possible Nyquist limit 
(<0.17 m/s), and the highest possible carrier fre- 
quency was used to obtain this limit. With these 
_ settings, all flow signals in the LV chamber were 


_aliased so that the entire chamber was filled with 


_ mosaic color Doppler signals. Motion of the sur- 
_ rounding LV walls gave rise to nonaliased (pure 
_ red-blue) signals. With use of an off-line analysis 
- system equipped with a color frame grabber, the 
border of the mosaic color flow area was traced 
to obtain volumes and EF. End-diastolic and end- 
systolic volumes measured with color Doppler 
correlated well with those measured from 2-di- 

. mensional echocardiography (r = 0.99, standard 
_error of the estimate [SEE] = 11.9 mi; r = 0.99, 
SEE = 4.4 mi, respectively) and cineangiography 
(r = 0.92, SEE = 16.8 mi; r = 0.90, SEE = 9.9 
mi, respectively). Similarly, EF derived from col- 
_or Doppler correlated extremely well with that 
measured from 2-dimensional echocardiography 
(r= 0.99, SEE = 1.6%) and cineangiography (r = 
0,96, SEE = 3.4%). Thus, EF can be accurately 
: measured from the color Doppler examination. 
With the addition of automatic edge-detecting al- 
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gorithms, this technique hes the potential for 
providing a quick and automatic on-line — i 
tion of EF. 





(Am J Cardiol 1991;68:669-673) __ 


acquired heart disease, the ejection fraction (EF) 

is a commonly used and important index of left 
ventricular (LV) systolic function. Two-dimensional 
echocardiographic measurements of EF have correlated 
well with cineangiographic measurements of EF in chil- 
dren and adults.!:5 However, for the measurement of _ 
EF, 2-dimensional echocardiography has several limita- : 
tions. First, the 2-dimensional echocardiographic tech- A 
nique is time-consuming and cumbersome, requiring ei- 
ther the use of an off-line analysis system or the loss. of 
time on the echocardiographic equipment for on-line Le 
analysis. Second, with 2-dimensional echocardiography, 
the endocardial borders of the left ventricle are often 
poorly visualized, making manual tracing methods very 
difficult and the development of automatic edge-detec- 
tion methods, thus far, not possible. Because Doppler _ 
color flow mapping allows visualization of blood flowin —_ 
the heart, we hypothesized that this technique could be. 
used to enhance the distinction between the ventricular. 
walls and blood pool and, thus, measure the ventricular. 
volumes and EF with greater ease and accuracy. The 
purpose of this study was to determine the accuracy of 
ventricular volumes and EF derived from manual trac- 
ings of the color Doppler images compared with those 
derived from 2-dimensional echocardiography and cine- 
angiography. 


I n the management of patients with congenital and 


METHODS D 

Patients: Eleven patients undergoing echocartiia: ee 
graphic examination and cardiac catheterization be 
tween September 1989 and April 1990 were randomly 
selected for inclusion in the study. Their ages range 
from 4.5 months to 22 years (mean 11) and 















after a vent-cular septal defect repair, | with dilated 
cardiomyope hy and | with mitral stenosis with a pros- 
thetic mitral valve. Patients with abnormal ventricular 
shapes that dd not conform to Simpson’s rule (i.e., uni- 
ventricular heart, absence of the majority of the ven- 
tricular sept am) were excluded from the.study. 
Echocarciographic examination: Two-dimensional 
and color Deopler examinations were performed within 
24 hours of eardiac catheterization using a |28-element 
phased-arrar ultrasound system (Acuson). The echo- 
cardiograph& images were obtained from the apical 4- 
chamber ani long-axis views. After recording the B- 
mode images the color sector was positioned to include 
the entire left ventricle and exclude as much of the sur- 
rounding cardiac chambers as possible. The velocity 
scale of the color Doppler display was then decreased 
until all colo~ Doppler signals arising from blood flow in 
the LV cavite were aliased and filled the chamber with 


mosaic color Doppler signals, and all color Doppler sig- 
nals arising from ventricular wall motion were dis- 
played as nonaliased (pure red-blue) signals (Figure 1). 
Over the range of patient sizes, and heart and flow 
rates investigated, this required a Nyquist limit that 
was usually >0.08 m/s but always <0.17 m/s. On the 
ultrasound system we used, it was necessary to use the 
highest possible Doppler carrier frequency in order to 
obtain these low Nyquist settings. 

Cardiac catheterization: At the time of cardiac 
catheterization, biplane LV cineangiography was per- 
formed in the left anterior oblique and 30° right anteri- 
or oblique projections. Although angiograms were ob- 
tained in all patients in the study, 3 patients had angio- 
grams that could not be analyzed because of the 
absence of any sinus beats. The cineangiograms were 
transferred to '-inch videotape for later off-line anal- 


ysis. 





FIGURE 1. Celor Doppler images at end-diastole (left) and end-systole (right) showing the technique used to determine left ven- 
tricular ejection fraction. The color sector is placed so as to include the entire left ventricle (LV), and the velocity scale has been 
decreased to the lowest possible setting. Note that the left ventricular cavity is filled with aliased (mosaic) color Doppler signals, 
whereas color Doppler signals arising from the left ventricular walls are pure red-blue (nonaliased). LA = left atrium; RA = right 


atrium; RV = ght ventricle. 
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FIGURE 2. Csior Doppler images at end-diastole (left) and end-systole (right) showing the technique used to calculate left ven- 
tricular volumes. The border of the color Doppler signals filling the left ventricle (mosaic signals) was manually traced (green 
line). The computer program then applied a Simpson's rule algorithm to calculate left ventricular volumes and ejection fraction. 
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Analysis: The echocardiograms and cineangiograms 
were analyzed by 2 observers who had no knowledge of 
the results of the other technique. All images were ana- 
lyzed on a commercially available off-line analysis sys- 
tem equipped with a color frame grabber and software 
programs for biplane volume analysis (Freeland Medi- 
cal System). For the color Doppler images, the outer 
margin of the mosaic flow area was traced manually at 
end-diastole and end-systole (Figure 2). The 2-dimen- 
sional and cineangiographic images were also digitized 
and traced along the endocardial border using the off- 
line system. 

End-diastolic and end-systolic volumes and EF were 
calculated using a Simpson’s rule method and paired 
biplane data for each measurement. For all the echo- 
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cardiographic and color Doppler studies, 3 cardiac cy- 
cles were measured and averaged. For the cineangio- 
grams, 3 cardiac cycles were measured when avail- 
able. With use of linear regression analysis, volumes 
and EF obtained from color Doppler were compared 
with those obtained from 2-dimensional echocardiogra- 
phy and cineangiography. 


RESULTS 

Figure 3 shows the comparisons of end-diastolic vol- 
umes measured from color Doppler with those mea- 
sured from 2-dimensional echocardiography and cine- 
angiography. For both comparisons, there was an ex- 
cellent correlation (r=0.99, SEE=11.9 ml, and 
r = 0.92, SEE = 16.8 ml, respectively). Although end- 
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diastolic volumes obtained using color Doppler and 2- 
dimensional 2chocardiography were nearly identical, 
the color Deopler technique tended to underestimate 
the end-dias*olic volume obtained with cineangiog- 
raphy. 

Similarly end-systolic volumes measured from color 
Doppler wer= nearly identical to those measured from 
2-dimensiona echocardiography (Figure 4). For the 2 
techniques, r= 0.99 and SEE = 4.4 ml. As with end- 
diastolic volames, the end-systolic volumes obtained 
from color Doppler tended to underestimate those ob- 
tained from cineangiography (Figure 4). For these 2 
techniques, r = 0.90 and SEE = 9.9 ml. 

Figure 5 shows the excellent correlation found be- 
tween EF ca-culated from color Doppler and EF calcu- 
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lated from 2-dimensional echocardiography (r = 0.99, 
SEE = 1.6%) and cineangiography (r = 0.96, SEE = 
3.4%). For both comparisons, EF obtained using the 
color Doppler technique tended to be slightly higher. 


DISCUSSION 

In this study, LV volumes and EF measured from 
manual tracings of Doppler color flow images correlat- 
ed well with those measured from 2-dimensional echo- 
cardiography and cineangiography. Color Doppler and 
2-dimensional echocardiographic results were nearly 
identical; however, volumes measured from color Dopp- 
ler tended to underestimate those obtained from cine- 
angiography. A similar trend has been observed when 
2-dimensional echocardiographic volumes have been 
compared with cineangiographic volumes.? It is likely 
that catheterization volumes tend to be larger because 
of angiographic contrast filling of trabecular inter- 
spaces. The results of these comparisons highlight a 
limitation of the present study—i.e., the lack of a suit- 
able reference standard to which the color Doppler data 
can be compared. Comparisons of echocardiographic 
and cineangiographic results have several “built in” 
sources of error that cannot usually be eliminated in the 
study design. Among these are lack of simultaneity of 
the studies and technical differences such as differences 
in the imaging planes, differences in sampling rates, 
and differences in image resolution. For future use of 
the color Doppler technique, it is extremely encourag- 
ing that the 2 noninvasive techniques yielded nearly 
identical results. 

Although the 2-dimensional echocardiographic and 
color Doppler studies were obtained nearly simulta- 
neously, with the same equipment, and in the same im- 
aging planes, | major difference between the 2 tech- 
niques was the sampling rate or frame rate. On the 2- 
dimensional echocardiographic examinations, sampling 
rates were usually between 30 and 40 frames/s; how- 
ever, on the color Doppler examinations, sampling rates 
were often as low as 15 frames/s. This could potentially 
result in an inability to identify precisely end-systole 
and end-diastole and, thus, should be a more important 
source of error in examining pediatric patients with 
rapid heart rates. For the color Doppler technique, we 
recommend that the color Doppler equipment be set so 
that color frame rates ranging from 15 to 25 frames/s 
are obtained. 

The patients in this study were all children or young 
adults with EF ranging from 47 to 80%. We did not 
examine any technically difficult adult patients with 
low EF or apical aneurysms in which flow velocities 
may be extremely low. One anticipated problem with 
these adult patients is that, at the depths required to 
obtain their apical views, the velocity scale of the equip- 
ment may not have a low enough setting to allow alias- 
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vity and the walls. Since this study was  complet- 
have successfully examined several young adult 
with dilated cardiomyopathy and EFs in the 

f 20% using the color Doppler. technique; how- 


T, studies in large numbers of technically diffi cult 

ine the emer E 
limitations of the color Doppler technique i in these REFE 
nts. If necessary, the current Doppler equipment wd 3 

ild be modified by the manufacturers i in order to = & 
le and wall filters of the equipment. end be Todi i 

ed or color Doppler pówer and velocity information < x 
iy be combined to delineate better: the boundary-b be- 8 


dult patients are necessary to determ 


ine difficult adult patients. For example, t 


ween the LV cavity and walls. 


‘In patients with poor-quality 5 dimensional T 
graphic i imaging, the color Doppler technique may ` 
nee the distinction between the endocardial bor- | 
nd blood: pool and, thus, improve our ability = : 
ine the boundaries of the LV cavity. In addition, 
olor Doppler. technique may't be extremely i ier: | 
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oe ormal adult population. J Am Coll 
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echnezsum-99m MIBI (hexakis-2-methoxy-2- 
methylpropyl-isonitrile) has recently been ap- 
in proved by the Food and Drug Administration 
` for myocardial imaging in the U.S.A. Like thallium- 
- 201, it is a sositively charged particle, but its trans- 
membrane transport is not dependent on adenosine tri- 
phosphatase. it is highly lipophilic with 18 methyl 
groups, whic may explain its ready transport across 
-cellular mem-ranes. Once inside the cells, it is, for the 
most part (86%), irreversibly bound to cytosol proteins. 
- Like thalliun-201, its regional uptake is dependent on 
< coronary blocd flow and myocardial viability; however, 
-its retention is longer and its extraction rate lower than 
that of thalliem-201. Sesta MIBI has a higher energy 
range (140 vs 70 KeV) and a much larger dose (15 to 
25 vs 3 mC than thallium-201. Because of negligible 
redistribution, rest and stress images require 2 separate 
studies performed either on the same day (1-day proto- 
col) or on 2 different days (2-day protocol). Image 
quality is superb and very suitable for single-pho- 
ton emission <omputed tomography (SPECT). SPECT 
further enharces the diagnostic reliability of sesta 
MIBI studies by improving image contrast and avoid- 
ing overlap between normal and abnormal areas. At- 
tenuation artifacts are less common and the images can 
be gated to assess regional wall motion and myocardial 
thickening. Alternatively, left ventricular function stud- 
ies can be ob:ained simultaneously with the perfusion 
studies using “irst-pass radionuclide angiography.'~° 
Studies during treadmill exercise testing have shown 
a good agreement between thallium and sesta MIBI 
results. These studies were done in institutions with 
extensive experience in interpreting thallium results, 
which may heve biased the results toward thallium. In 
othe case of ess experienced interpreters, results with 
“sesta MIBI imaging are probably better than those 
-with thallium imaging.?~> 
<> With exereise testing, patients with coronary artery 
isease who only achieve a submaximal level of exer- 
ise generally have a lower sensitivity than those who 
chieve an adequate level of exercise.’ Pharmacologic 


























‘the PhilaGeiphia Heart Institute, Presbyterian Medical Center, 
ladelphia, Pensylvania. Manuscript received May 2, 1991 and ac- 
ted May 3. 

ess tor orr Abdulmassih S. Iskandrian, MD, Clinical 











: maging, the : 
ot 


Abdulmassih S. Iskandrian, MD 


stress testing, using either intravenous dipyridamole re) 
intravenous adenosine paired with thallium-201, has 
been of tremendous value in evaluating patients who o 
either cannot exercise or cannot achieve a good level of 2 
exercise. Dipyridamole increases the endogenous aden- 
osine concentration. Adenosine is a powerful coronary 
vasodilator; a dose of 140 ug/kg/min causes coronary 
hyperemia comparable to that achieved with intracoro- =- 
nary papaverine, but unlike papaverine, adenosine is _ 
shorter acting and does not prolong the QT interval or a 
produce ventricular arrhythmias.®-!° , 
The degree of coronary hyperemia is probably Te 
er with adenosine than with dipyridamole, using com- 
parable doses; the hemodynamic effect is shorter in du- 
ration with adenosine, and submaximal hyperemic. re- | 
sponses are probably more frequent with dipyridamole. 
It may be that a dose 50% higher than the currently 
recommended dose (0.56 mg/kg) produces coronary 
hyperemia that is comparable to that achieved with _ 
adenosine, but this issue has not been adequately tested. 
One concern using sesta MIBI with pharmacologic: 
testing is that at high-flow rates, the regional concen- 
tration of sesta MIBI may be considerably lower than 
the regional flow because of the decrease in extraction 
fraction as the flow increases. This may have an impor- 
tant implication in the detection of moderate stenosis. 
In this issue of The American Journal of Cardiology, 
Kettunen et al,'! using a dose of 0.7 mg/kg of dipyrid- 
amole, found that the degree of coronary stenosis was _ 
significantly lower in arteries with a normal perfusion. — 
pattern than in those with an abnormal perfusion pat- 
tern (76 vs 82%, p <0.01). In that study, the sensitivity 
of sesta MIBI imaging, using the high dipyridamole 
dose, was 95% in 42 patients with angiographically _ 
proven coronary artery disease. Furthermore, 78% of o a 
92 diseased coronary arteries were correctly identified. 
Of 75 segments that were involved with perfusion de- 
fects, 68% were reversible, suggesting underlying isch- 
emia. In a subgroup of 21 patients who also had thal 
um studies, 83% of diseased coronary arteries were | 
ry identified by sesta MIBI and 76% by thallium ¢p 
= not significant), and there were 36 perfusion def 
on sesta MIBI images and 37 on thallium 1 images p 
not significant). This. high 
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Special lae of the mais by eines et al in- 
lude. the use of a high dose of dipyridamole, SPECT 
ar maging and quantitative coronary angiography to as- 
sess the degree of coronary stenosis. However, their 
‘study has flaws; the patients were highly symptomatic 
and 62% of them had prior Q-wave myocardial infarc- 
~ tion, there was no control group to determine specific- 
_ ity, and it is also not clear how these patients were se- 
ected and why dipyridamole testing was used instead 
< of exercise testing. Of interest is that in 31 segments 
- defined as being akinetic by contrast left ventriculog- 
_ raphy, only 22 (71%) had fixed MIBI defects, suggest- 
ing that in the remaining patients these segments con- 
_ tained viable myocardium despite the presence of aki- 
~ nesia. The fact that adverse effects were few despite the 
~ higher dose of dipyridamole is encouraging. The inves- 
_ tigators appear to suspect that the use of the handgrip 
-test prevented hypotension and related symptoms. 

.-. Though. Kettunen et al’s study provides important 
information concerning the use of sesta MIBI with 
_ pharmacologic testing, it raises several other questions 
: that remain unanswered: Should high-dose dipyrida- 
-mole be used in all patients? Should sesta MIBI imag- 
ing replace thallium-201? Should pharmacologic stress 
~ testing replace exercise testing? Which coronary vaso- 
_dilators should be used, adenosine or dipyridamole? 
_ Should simultaneous assessment of wall motion be ob- 
_ tained in addition to perfusion information? The an- 
_ swers to these questions are not yet available, although 
-there are already strong opinions on each of these is- 
~ sues. Future studies should be carefully designed to ad- 
dress these issues. 
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Anatomy of the “Posterior $ 


a I Space” 
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wr n this issue, the group from Westmead Hospital in 
. Sydney, Australia, describes the results of an ex- 
wi. tensive study in which the dimensions of the poste- 
rior septal space and its relation to the coronary sinus 
were quantitated in 48 cadaver hearts. As is typical of 
this group, the ai was sakula in a meticulous 















and scholarly manner- a reported in a clear and co 
cise fashion. The article contains important informatio 
regarding the anatomic landmarks of the posterior se 
tal space, information that is of importance to bot! 
electrophysiologists and arrhythmia surgeons involv 
in the treatment of supraventricular arrhythmias. 
Because of the previous publication of what i: 
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-to the ventric lar septum. It ie to hie space lying 
immediately above the posterior portion of the septum 
-of the ventricie. 
- Why does such a space exist? It exists because of 
the difference in the thickness of the walls of the atria 
-and ventricles. Because the atria are thin-walled struc- 
“tures and because they must connect to the cephalad 
-portion of the anulus fibrosis (i.e., the valve anuli), they 
“must physicaky diverge posteriorly as they follow their 
attachments clong the mitral valve anulus (left atrium) 
or tricuspid aculus (right atrium), To convey the con- 
cept of this mportant anatomic arrangement of the 
posterior atria, this region of the heart has been re- 
ferred to as the “buttocks of the atrium” (Boineau JP, 
personal communication). The ventricles also attach to 
the valve anu, but because they are thick-walled struc- 
tures, they Go not diverge into 2 easily identifiable 
structures posteriorly as they follow their attachments 
-along the 2 valve anuli. As a result, the muscle masses 
cof the right and left ventricles are approximated for 
some distanc posterior to the central fibrous body, 
forming the posterior portion of the ventricular septum. 
Since the atsial walls directly across the valve anuli 
-from this posterior ventricular septum are not in con- 
tact with one another, having diverged posteriorly, a 
space is created immediately above the posterior por- 
tion of the vertricular septum. This space is filled with 
fat, the termizal portion of the coronary sinus, and oc- 
casionally, the: artery to the atrioventricular node. 
Thus, the posterior septal space is a 3-dimensional 
structure. Indeed, it has been likened to a toppled pyra- 
mid, with the apex of the pyramid at the central fibrous 
-body and its base at the epicardial reflection covering 
“the fat pad at the crux of the heart.! An accessory 
atrioventricular connection that courses through the fat 
occupying this posterior pyramidal space is referred to 
as a “posterier septal pathway,” only because its ven- 
tricular end inserts into the cephalad portion of the 
_ posterior ventricular septum. This classification has 
- nothing to do with the site of insertion of the atrial end 
“the pathway. In fact, many surgeons, including this 
viewer, believe that the atrial end of the posterior sep- 
1 pathways rarely if ever inserts into the true atrial 
ptum, but rather that they attach to the posterome- 
al free wal of either the right or left atrium after 
these 2 structures have diverged posteriorly. The point 
comes moo: if one uses the endocardial surgical tech- 
que 1 in whic? the fat pad is simply separated from the 








osterior portion. of ventricular. septum, thus 





yet the anatomic classification, as mentioned, is bas 





diverged posteriorly. The true atrial septum. 
portion of the atrial septum ‘where no. surgica pl 
exists between the right and left atrial walls, is not. 
sected using the epicardial technique, yet this surgic 
approach is nearly as successful in dividing “posterior 
septal pathways” as is the endocardial approach. =- 
From a practical clinical standpoint, electrophysiolo-. 
gists and arrhythmia surgeons have had to develop a > 
reasonable system of classifying the location of accesso- oe 
ry pathways responsible for the Wolff-Parkinson-White = 
syndrome. Under optimal circumstances, the anatomic ‘ et 
classification should correlate with discriminatory elec- 
trophysiologic findings that characterize a given path- 
way as being located in a specific anatomic space. In 2 
this manner, the anatomic classification used to assist 
the surgeon is not entirely arbitrary. Fortunately, such j 
a classification was established early in the course. of oe 
surgery for the Wolff-Parkinson-White syndrome and 
it has proven infallible clinically in all but a few in- 
stances. However, this anatomic classification is based 
entirely on the potential sites of insertion of the ventric- 
ular ends of accessory pathways. Because of the ana- . . 
tomic peculiarities of the atria (mentioned previously), 
accessory pathways probably never connect to the true De 
atrial septum. Thus, any anatomic classification based 
on atrial anatomy would preclude the classification of 
posterior septal or anterior septal accessory pathways. 
Left freewall, posterior septal, right freewall and anteri- 
or septal pathways all have definitive electrophysiologic 
characteristics that localize them to one of those specif- 
ic anatomic spaces on the ventricular surface. The ma- 
jor exception is the so-called “paraseptal” accessory _ 
pathway that inserts into the ventricle at the somewhat | 
arbitrary “junction” between the left free wall and the... 
posterior portion of the ventricular septum. . 
As Davis et al state,” it is easy to categorize true = 
posterior septal pathways and true left freewall path- : 
ways, but the “paraseptal” pathways in between are 
more perplexing. This fact is especially true during an 





endocardial electrophysiologic study or radiofrequency ` 


catheter ablation, or both, since the electrograms are 
recorded in this area from a coronary sinus cathete 
which is on the atrial side of the atrioventricular groove 












on ventricular anatomy. Davis et al provided an impor 
tant group of measurements that will undoubtedly be 
or Penent to a who perform Ti radio a 





atomic: description i is ae no ERIAS to BaT 


theter ablation, but it can (and has) resulted in the 
advertent creation of complete heart block when per- 
ming surgical dissection for posterior septal accesso- 

















orts are replete with descriptions of the posterior septal 
ace i in which the terms “central fibrous body”: and 
sht fibrous trigone” have been used: interchange- 






ine,” uses these terms interchangeably i in his classic 


the fact exists that there is a fibrous structure between 
-the mitral and tricuspid valves that. is formed by the 
. convergence of these 2 valve anuli. 
< ture (the central fibrous body) extends for varying dis- 








-tances posterior to the site at which the aortic valve — 


-anulus is contiguous with the mitral and tricuspid valve 
anuli, a site properly referred to as the right fibrous 
: trigone. In other words, the right fibrous trigone is only 
_ the most anterior portion of the central fibrous body. 
_.. This seemingly inconsequential semantic point is of 
_ paramount importance to the arrhythmia surgeon. Al- 
though the precise location of the His bundle may vary 
slightly from patient to patient, the His bundle invari- 
ably penetrates the anatomic atrioventricular junction 
at a point between the right fibrous trigone and the 
most posterior extent of the central fibrous body. 
_ Therefore, when surgical dissection for posterior septal 
pathways is performed, all dissection should be con- 
_ fined to the space posterior to the central fibrous body 
and no portion of the central fibrous body should be 
exposed during the dissection. If this principle is not 
„followed, inadvertent heart. block will be created ina 
_ substantial number of patients. Of equal importance to 


: Surgical SUCCESS is the fact that even those enn ac- 








pathways. Through no fault of theirs, published re- 
septal space can be divided safely w without fear of create 


differentiate between the central fibrous body and the 
right fibrous trigone. Davis | 
‘take. This error results in sv 
- dissection for p posterior septal pathways should be con 
tinued anteriorly to the right fibrous trigone,!34 a prac 
tice that results in. inadvertent and preventable he: {i 
block in many patients. In contrast, adherence to surgi 


ly. 4 Even the great pathologic anatomist, McAl- 


las. Regardless of what these structures are called, 


This fibrous struc- 


| he eil fibrous body i is the key anatomic 


that invariably separates the His bundle from pos 

septal accessory pathways. By carrying the surgical 
section up to but not across the central fi brous bods 
accessory, pathways located i in this apex of the posteri 

















ing heart block. Rey A 
As mentioned showin many arti 





s et al also make this mis- 
surgeons’ believing that the 











cal principles based on the accurate anatomy of th 
posterior septal space has: resulted in the successful sur 
sical division of 105. consecutive posterior septal acces 
sory pathways in our series without a single instance of 
heart block without late recurrences during a 10-year : 
follow-up se ( uapunistied data). | 
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Iderly patients with systolic or diastolic hyperten- 
4 sion,+* or with diabetes mellitus,!* have an in- 
7 f creased incidence of new coronary events. Renal 
, disease occurs in patients with systemic hypertension or 
-diabetes melitus. Some? but not all studies’* have 
shown that patients on chronic maintenance dialysis have 
an increased incidence of mortality from cardiovascular 
-< disease. This article reports the results from a prospective 
_ study performed to correlate increased serum creatinine 
-in elderly patents with systemic hypertension or diabetes 
- mellitus with the incidence of new coronary events. 
<- Ina proszective study of 1,396 patients in a long- 
term health eare facility, 532 (38%) had systolic or 
diastolic hypertension, 285 (20%) had diabetes melli- 
tus, and 662447%) had systemic hypertension or dia- 
“betes mellitus. The 662 patients included 497 women 

and 165 mer (mean age + standard deviation 82 + 8 

years, range 62 to 100). A systolic blood pressure of 

>160 mm kz on 3 occasions was considered systolic 

hypertensior.” A diastolic blood pressure of 290 mm 

Hg on 3 occesions was considered diastolic hyperten- 

sion? All pa.sents with hypertension were treated dur- 

ing the study. Diabetes mellitus was diagnosed if the 

patient was receiving insulin or oral hypoglycemic 

drugs to corsrol hyperglycemia, or if fasting venous 

plasma glucose levels were 2140 mg/dl on 2 occa- 
--stons. Serum creatinine 21.5 mg/dl on 22 occasions 
` was considered increased. 

- Mean agz was 81 + 8 years in patients with in- 
creased seru-a creatinine and 82 + 8 years in patients 
with normal serum creatinine (p = not significant). 
; : Mean follow-up was 41 + 21 months (range 3 to 73) 
-in patients wath increased serum creatinine and 42 + 
22 months (ange 3 to 73) in patients with normal 
serum creatinine (p = not significant). New coronary 
events were diagnosed if the patient developed myo- 
-cardial infarction, primary ventricular fibrillation or 
udden card.ac death. Myocardial infarction was di- 
agnosed as previously described.!° Primary ventricu- 
dar fibrillation was diagnosed as ventricular fibrilla- 
n docume-#ed by electrocardiogram in a clinically 
table patiert unexpectedly having new cardiac symp- 
Om. honed oara de death was ain pa as an unex- 
















hour of being clinically stablet! Chi-square analys ysis 
was used to analyze data. 

Of 662 patients with systemic h ypertension or dia: 
betes mellitus, 184 (28%) had an increased serum 
creatinine. Table I shows the incidence of new coro- 
nary events in patients with systemic hypertension and nae 
no diabetes mellitus, in patients | with systemic h yper- 
tension and diabetes mellitus, and in patients with 
diabetes mellitus and no hypertension. Table I also. 
lists levels of statistical significance. — 2 o 

Lindner et al? reported that cardiovascular das : 
was the most frequent cause of death in patients on “~ 
maintenance hemodialysis for renal failure, Lazarus et 
alt concluded that hypertension played a major role in 
the increased incidence of death from cardiovascular dis- 
ease in uremic patients on chronic maintenance dialysis. - 
Haire et alè demonstrated that smoking and hyperten- = 
sion were significant risk factors for cardiovascular mor- 
tality in patients on maintenance dialysis for renal fail-. 
ure. Rostand et al® found that diastolic hypertension __ 
contributed to hemodialysis-associated ischemic heart 
disease. Burke et al’ did not find that long-term dialysis 
accelerated atherosclerosis. Vincenti et al® found that 
atherosclerosis may not be accelerated by hemodialysis 
and may be prevented by more careful control of hyper- 
tension. | 

Increased serum creatinine was present in 28% of our 
elderly patients with systemic hypertension or diabetes 
mellitus. The results from this study show that increased = 
serum Creatinine is associated with a higher incidence of... 
coronary events in patients with systemic hypertension, 
with or without diabetes mellitus, but not in patients with me 
diabetes mellitus without systemic hypertension. How- 
ever, only 27 patients in this study had diabetes mellitus. is os 



















TABLE i Association of increased Serum Creatinine with New. i 
Coronary Events in Elderly Patients with Systemic Hypertension 
and Diabetes Mellitus 





Coronary Events 








Normat 
Creatinine. 


increased 
Serum. 
Creatinine 






















, ld erly patients with’ spsteriiic reon, with o or with- 


t diabetes mellitus, but not in elderly patients with 
diabetes mellitus without systemic hypertension. 
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: : Usefulness of Placement of intraoperative Epicardial | Wires During 
_ Automatic Implantable Cardioverter-Defibrillator Insertion to Preclude _ 
_the Need for Transvenous Catheters at the Predischarge 


_Electrophysiology Study 


Peter N. Smith, mp, Patricia A. Schumitsch, RN, Mary L. Seebandt, RN, Cheryl J. Bores, RN, 
-Eugene T. Weiler, RN, Jefferson F. Ray Ill, MD, Wiliam O. Myers, MD, John W.E. Douglas-Jones, MD, 


-and Humberto J. Vidaillet, MD 


he management of ventricular tachyarrhythmias 
< and sudden cardiac death has changed remark- 
wd. ably since the advent of the automatic implant- 
: able cardioverter-defibrillator (AICD).!6 In patients 
undergoing implantation of the AICD, postoperative 
-testing is used to judge the efficacy of the device. In the 
past, the predischarge study has required placement of 
-transvenous pacing catheters in order to induce clinical 
arrhythmias. We evaluated the reliability of induction of 
ventricular tachyarrhythmias in the postoperative period 
-using temporary epicardial pacing wires placed during 
<- AICD implatation. 
= We studied 20 patients (14 men and 6 women), 
aged 35 to 81 years (mean 57 + 14) who underwent 
_AICD placement after electrophysiologic testing for 
evaluation of out-of-hospital cardiac arrest (6 of 20 
[30%], spontaneous sustained ventricular tachycar- 
dia (12. of 20 [60%)]), symptomatic nonsustained ven- 
-tricular tachycardia (1 of 20 [5%]) and near syncope 
(L of 20 [5%]. 
-< All patients underwent preoperative electrophysio- 
-logic testing after informed consent was obtained. An- 
e arrh ythymic agents were discontinued 2.5 half-lives 
before testing M ultiple electrophysiology catheters 
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were placed in the high right atrium, His bundle posi- 


tion, right ventricular apex, and occasionally in the 


coronary sinus. Programmed atrial and ventricular 
stimulation was performed at twice diastolic thresh- 
old with a rectangular pulse width of 2.0 ms. Sus- 


tained monomorphic ventricular tachycardia was in- 


duced in 11 of 20 patients (55%), pleomorphic ven- 


tricular tachycardia or ventricular fibrillation was in- oS 
duced in 7 of 20 patients (35%), hemodynamically 
significant nonsustained ventricular tachycardia in] 
of 20 patients (5%), and 1 patient, who had out- of- Lee 


hospital ventricular fibrillation, did not undergo pre- 
operative electrophysiologic testing because of severe 
coronary artery disease. All patients had no success- 
ful results with 2.25 + 1.8 antiarrhythmic regimens : 
before placement of the AICD. 

All patients underwent a standard midline sternot- 
omy approach.>-’ Patients received 2 screw-in rate- 
sensing leads and 2 epicardial patch electrodes. Thir- 
teen of 20 patients (65%) received 2 large patch elec 
trodes (CPI model L67), whereas 7 (35%) received 
large and 1 small (CPI model A67) patch electrode 
Two to 3 temporary epicardial pacing wires wer 
pea in the sb E i wal nee ee m myocar 















-Preop. 
Diagnosis 





Induction- 









Mode 









VIVE VE 





20 M OHVFA Vflut (200) 
SMVT (240) 
Before proc. 
3 SAF OHVFA None with isuprel 
4 =9M OHVFA No baseline 
5 60M OHVFA VF 
6 £7 F SMVT/VFA SMVT (250). 
SMVT (231) 
| After proc, 
7 €£9M VI/VF Vflut 
8 70M VINF SMVT (320) 
SMVT (285). 
Before proc, 
9 72M OHVFA SMVT (316) 
SMVT (276) 
Before proc. 
10 m7 F SMVT NST 
11 28M SMVT VF 
12 ASF SMVT VF | 
13 20M SMYT vVfut 
SMVT (230) 
14 E3M SMVT SMVT 
15 59M SMVT (350 ms) SMVT (500) 
16 €5M SMVT SMVT (300) 
17 £9M SMVT SMVT (353) 
i8 ELF SMVT _ SMVT (240) 
DYS p MI 
19 &7M NSVT SMVT (300) 
20 42M Sync. SMVT (343) 





CV (320 J) | WO (200) 


$4 RVA 
S4 SMVT (215) 
VF (170) 
VF (165) 
Ss RVA Spontaneous — VF 
$4 ` Spontaneous VF(180) 
CV 3205 Fy 
S4 RVA CV (803) VF (205) 
Sa RVA ; SMVT (300) 
$3 term. . . 
S3 RYA SMVT (215) 
S4 VF (150) 
Sa RVOT CV (320 J) VF (105) 
S4 RVOT CV (320 J) VF (140) | 
S3 RVOT | SMVT (240) me 
CV 80) - a 
$3 RVOT - SMYT (333) e 
S3 Sa term. S SMVT (270) 
S3 RVA CV SMVT (290) S4 
S3 RVA CV {320 J) SMYT (250) Burst 
S3 SVA CV (160 J) VF (175) AC 
SMVT (270) AC = 
$3 CV (240 J) SMVT (350) ~ $3,AC. 
SMVT (320 ms) $3, AC 
SMVT (350 ms) $3, AC : 
$3 RVOT SMVT (275) «$3 


SMVT (235 ms) 33 
SMVT (225 ms) $3 


oP. AC = alternating current; Burst = rapid ventricular pacing; CV = cardioversion, 80 to 360 J, DY9 p MI = day 9 after myocardial infarction; NSVT = nonsustained ventricular. ; 
| tachycardia; OHVFF = out-of-hospital ventricular fibrillation/cardiac arrest; postop. = postoperative; preop. = preoperative; proc. = =æ procainamide 1. Oto 1.25 gs given intravenously; 
RVA = right ventricular apex paci ng site: RVOT = right ventricular outflow pacing site; $= extrastimulus after pacing at 600 or 400 ms for tachycardia induction, or during tachycardia 


for tachycardia terranation; SM 


= sustained monomorphic ventricular tachycardia; Sync. 
fibrillation/cardiac awust; Vflut = ventricular flutter, monomorphic, cycle length 200 to 220 ms; VT, 


VEN ae term. = termination, VF = ventricular fibrillation; VFA = ventricular | i 
= ventricular tachycardia/fibrillation: 





of 20 (10%]). all manufactured by CPI. The Ventak 
1600 was an t»westigational device at the time of this 
study. Three natients (15%) underwent combined cor- 
: nary artery bypass surgery with placement of the 






Patients anderwent postoperative electrophysio- 
ogic testing using the epicardial wires 6.55 + 2.9 days 
fter implan-ation of the AICD. Nine of 20 patients 


5%) in the unipolar mode. 









4 arrhy 


charged from. the hospital on the day of the pos 
45%) underwent pacing in the bipolar mode, and 11 
charged on the subsequent. day, and 10 were dis 
All patiewts had inducible. sustained ventridular 
hythmias at postoperative electrophysiologic test- 
ising the epicardial pacing electrodes. Nine of 20° 
atients (45%) required alternating current for induc- 
n, while burst pacing or programmed electrical - 
lation up to Ss were used in 11 patients (55%). 
| thmias \ was achieved with S66. ta i 


was 33439 days. 


surgeons in patients: who have undergone coronal 
: hype surgery, Seih heart disease PERES 









duced in the postoperative study (Table D. Patients 
tolerated this procedure well, with minimal discor 
fort during induction of arrhythmias. In all patients, 
the AICD recognized the arrhythmia, and converted 
the patient out of the arrh ythmia c on the ef rst shoc 
26.9 + Z3 J (range 6 to 31). 

Seven of 20 (35%) of these patients. were | 























operative electrophysiologic : study ly, 2 (10%) were dis: 





charged 6.6 + 3.6 days after electrophysiologic t 
ing. The mean time to paee ane AICD testi 





Epicardial wires have been routinely used by 



















| ope of Ten e in order. to test the 
planted Cento This i is a new Hy saute a an 





ostoperative electrophysiologic testing is routinely 
` performed after AICD implantation to check the effica- 
cy of the device before discharge. This is currently per- 
-formed by transcutaneous placement of quadripolar pac- 
-ing catheters in the right ventricular apex through the 
-femoral or antecubital veins. This carries attendant risks 
-as described in a published report on electrophysiologic 
testing.'° Although for general electrophysiologic testing, 
_ the benefits clearly outweigh the risks, for postoperative 
_electrophysiologic testing, techniques that reduce the 
_ need for invasive catheter placement would seem prudent 
in order to avoid these risks. 
There were no complications associated. with use of 
these epicardial wires for induction of ventricular tachy- 
i arrhythmias, nor any complications with removal of 
these wires. All patients had effective induction of tachy- 
cardia using acceptable stimulation energies. The im- 
Plentable defibrillator recognized the tachycardia and 





, Malignant ventricular arrhythmias with an implanted automatic acon i 
` human beings. N Engl J Med 1980; 303:322-324. 


1 a the d hóspilál si stay after Teo S of the Al CD. 


- implantable cardioverter-defibrillator: efficacy, complication and survival in pa- 





of adice clinical sir rata in j postoperait 
physiologic testing, without the need for transveno 
catheter placement. 
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Electrophysiologic Effects of Intravenous Propafenone at Rest, 
_During Isoproterenol Infusion and During Exercise in the 


: Wolff-Parkinson-White Syndrome 


Jean Jacques Goy, MD, Martin Fromer, MD, Jürg Schlaepfer, MD, 


ae Lukas Kappenberger, MD 


y r ropafenone, a class Ic antiarrhythmic agent,! has 
J been shown to be effective in restoring sinus 
A. rhythm in patients with symptomatic orthodromic 





r tachycardia associated with Wolff-Parkinson-White 
¿syndrome (WPW).?3 The high rate of conversion to 
sinus rhythm (>60%) is attributed to the relatively high 
‘dose administered (2 mg/kg). In addition, recurrence of 
tachycardia can be prevented in most cases. The effec- 
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tiveness of the antiarrh j hic agent is usually tested at 
rest, Information concerning the pharmacologic effects 
of drugs during exercise in patients with supraventricular 
arrhythmias is scarce. In this study, the electrophysiolog- - 
ic effects of propafenone were examined in 10 patients 
with WPW at rest, during isoproterenol infusion ant 
during exercise to evaluate its antiarrhythmic propero. 
under these conditions. 

Ten male patients (mean ape 32 years, range. 1 7 
46) w WEW w were est idied, All patient. 





























AERP = anterstrade effective refractory period of accessory pathway; AV = 
anterograde condixcion time during tachycardia; C = baseline values at rest; NI = not 
inducible; NS = noasustained ; P = baseline values after propafenone infusion; PE = 
vatues on exercise ster propafenone administration; PI = values after administration of 
T isoproterenol and <c~opafenone; TCL = cycle length of tachycardia; VA = retrograde 
“4 conduction time dadng tachycardia. 


-In all patiewts, orthodromic tachycardia or atrial fi- 
brillation hed been documented before electrophysio- 
, logic evalucsion. After having given informed consent, 
all patients underwent an electraph ysiologic study 
without any. oral medication. All medication was dis- 
continued = > 5 half-lives before the study. No sedation 


















vein and po: tioned in the right atrium, right ventricu- 
lar apex, coronary sinus and across the tricuspid valve 
j record the His bundle potential. Four surface elec- 
ocardiogram leads (I, II, V; and Vs) were recorded 


as given fore the study. Three to 5 multipolar 7 
electrodes sere inserted through the right femoral 
Table I. In 4. patients, anterograde conductio 


~ suppressed by propafenone, but resumed in 3 o; 





pene ee ad r? fil rst i deflection. | 
complex on the surface electrocardiogram) « an 
triculoatrial (retrograde) conduction time (m 
from the first deflection of the QRS complex an 
retrograde atrial deflection) were determined at re 
and during sustained orthodromic tach ycardia wh 
such arrhythmia was inducible with premature atri 
or ventricular extrasystoles. The patients were stud. 
ied in the supine position and the study was begun 
> 30 minutes after introduction of the recording leads 
A baseline electrophysiologic study was performed : 
and orthodromic tachycardia was induced where po 
sible. The characteristics of the tach yeardia, SUCI 
anterograde and retrograde conduction times, we 
recorded. Atrial fibrillation was not induced durin; 
the baseline study. After the baseline study, intrave 
nous propafenone was administered (1 mg/kg over 5. 
minutes). At five and 10. minutes after propafenone — | 
administration, electrophysiologic data were deter- 
mined. Isoproterenol was then administered (1 to6. 
ug/min) to increase heart rate to 120 to 140 beats/min, 
and the electrophysiologic characteristics of the ac- 
cessory pathway were again determined. Isoprotere- 
nol was then stopped. When the heart rate returned to 
the baseline value, exercise was begun in the supine 
position using a cycloergometer at a charge of 100 W. 
The aim was to reach heart rates (+10 beats/min). 
during exercise similar to those during isoproterenol 
infusion. After 3 minutes of exercise, a fourth evalua- © 
tion of the electrophysiologic data was performed ata: _ 
similar heart rate to that during isoproterenol infu- 
sion. Initiation of orthodromic supraventricular _ 
tachycardia was attempted at rest, after propafenone ~ 
and isoproterenol infusions and during exercise. ae 
Tachycardia was stopped with programmed electrical 
stimulation. Data during tachycardia were analyzed . 
only in patients with sustained supraventricular 
tachycardia during the various steps of the study. 
Plasma levels of propafenone were not determined 
Data were expressed as mean + standard deviation 
Statistical analysis was performed using a paii 
Student 2- tailed t test. A p value <0.05 was c 
ered significant. Electrophysiologic data are listed 
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+ 46 to 302 + 46 ms (p <0.05). In patients with 
preexcitation at rest, the anterograde effective refrac- 
tory period decreased to 225 + 31 ms during isopro- 
terenol administration and to 254 + 41 ms (p <0.05) 
during exercise. These differences are also significant 
when compared with the resting values before and 
after administration of propafenone. Baseline AH in- 
terval changed only slightly from 95 + 21 to 96 + 21 
ms (p = not significant [NS]) after administration of 
propafenone. However, it decreased significantly dur- 
ing infusion of isoproterenol to 75 + 12 ms (p <0.05), 
but not during exercise (87 + 19 ms, p = NS). Base- 
line HV interval increased significantly from 43 + 4 to 
56 + 15 ms (p <0.05) after propafenone, but de- 
creased after isoproterenol (49 + 13 ms) and during 
exercise (49 + 9 ms). In 6 patients, sustained ortho- 
dromic tachycardia was inducible at rest, during 
exercise, and after isoproterenol and propafenone ad- 
ministrations. In only 1 patient was orthodromic 
tachycardia not inducible after propafenone adminis- 
tration, but was inducible again after administration 
of isoproterenol and during exercise. In the 5 other 
patients, mean cycle length of tachycardia increased 
significantly from 352 + 44 to 398 + 47 ms (p <0.05). 
Isoproterenol abolished the effect of propafenone as 
the cycle length of tachycardia decreased to 275 + 27 
ms (p <0.05). During exercise, cycle length of tachy- 
cardia decreased to 312 + 28 ms (p <0.05). The 
baseline value of anterograde conduction did not in- 
crease significantly (202 + 47 to 215 + 38 ms; 
p = NS) after administration of propafenone. Exer- 
cise and infusion of isoproterenol decreased atrioven- 
tricular conduction to 155 + 29 ms and to 134 + 25 
ms (p <0.05), respectively. Retrograde conduction 
time over the accessory pathway was significantly 
modified by the administration of propafenone and 
increased from a baseline value of 150 + 34 to 183 + 
43 ms (p <0.05). Infusion of isoproterenol and exer- 
cise decreased retrograde conduction time to 140 + 41 
ms and to 158 + 41 ms (p <0.05), respectively. Modi- 
fications in the anterograde refractory period of the 
accessory pathway, in the cycle length of tachycardia 
and in the anterograde and retrograde conduction 
times are represented in Figure 1. In 4 patients, oral 
propafenone therapy was performed without com- 
pletely suppressing episodes of tachycardia. In the 6 
remaining patients, surgical cure of WPW was per- 
formed during the same hospital stay. No adverse 
effects were reported by our patients despite relatively 
rapid administration. 

The antiarrhythmic efficacy of propafenone has been 
extensively demonstrated in animals and humans.!.? 
Ludmer et al? reported significant prolongation of both 
the anterograde and retrograde refractory periods of ac- 
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cessory pathways in patients with WPW. These results 
were confirmed by Dubuc et alt who demonstrated com- 
plete anterograde block in 6 of 15 patients and also 
significant prolongation of anterograde and retrograde 
conduction times of the accessory pathway. Our results 
confirm these observations. We noted significant modifi- 
cations in the conduction of the accessory pathway after 
propafenone administration and complete anterograde 
block occurred in 4 of the 10 patients (patients 6, 8, 9 and 
10). However, isoproterenol completely reversed the ef- 
fect of propafenone by decreasing the refractory period of 
the accessory pathway; exercise induces the same rever- 
sal of the effect of propafenone on the refractory period 
of the accessory pathway, although not as significantly, 
During isoproterenol infusion and during exercise, the 
anterograde refractory period of the accessory pathway 
was shorter than during baseline. Furthermore, in 3 of 
these 4 patients (patients 6, 9 and 10), anterograde con- 
duction resumed after isoproterenol and in 2 (patients 6 
and 9) during exercise. In 6 patients (patients 1, 4, 6, 7,9 
and 10), sustained orthodromic tachycardia was induci- 
ble during the 4 different conditions. In only | patient 
(patient 10) was tachycardia not inducible at rest or after 
propafenone administration. This is less than the 82% of 
nonreinducibility of tachycardia after propafenone ad- 
ministration reported by Ludmer et al.? Breithardt et al5 
reported a completely or partially favorable response in 6 
of 15 patients with orthodromic tachycardia. The lower 
dose of propafenone used in our study (1 mg/kg) com- 
pared with that used by Ludmer and Breithardt and their 
co-workers (2 mg/kg) may explain these differences. 
However, we noted a significant increase in the cycle 
length of tachycardia mainly due to modifications in the 
retrograde conduction properties of the accessory path- 
way. Exercise and infusion of isoproterenol significantly 
accelerated the cycle length of tachycardia mainly by 
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Sail kallikrein-kinin system has been impli- 
cated in the control of local renal blood flow, salt 
nd water excretion and blood pressure regula- 
Renal kallikrein is synthesized in the connecting 
cells of the rat and human nephron. From here it 
be secreted to the surrounding blood vessels or di- 










eleases kinins from plasma substrates called kininogens. 
_ Kinins are potent vasodilators and have natriuretic and 
- diuretic properties. ! 
Congestive heart failure (CHF) is characterized by 
; an abnormal sodium and water retention and increased 
_ vascular resistance. The role of other vasoactive systems 
-such as renin-angiotensin, prostaglandins and cathecola- 
i mines has been extensively studied. However, there is no 
information regarding participation of the renal kalli- 
_ krein-kinin system in CHF. We determined urinary kal- 
_ likrein in patients with CHF in different functional 
_ classes and we analyzed its relation with indexes of renal 
_ function and with other vasoactive systems such as plas- 
«ma renin activity and circulating cathecolamines. 
~ We studied 11 ambulatory patients with stable 
_ CHF in New York Heart Association class H to II 
. (mean age + standard deviation 61 + 2 years) (group 
A). These patients were taking digoxin 0.125 to 0.25 
_ mg/day, diuretics (furosemide 40 to 80 mg/day) and 
: ‘potassium supplement (potassium chloride 16 to 32 
_mEgq/day). In addition, we studied 6 patients with 
_ decompensated CHF in New York Heart Association 
-class IV (mean age 50 + 6 years), with pulmonary as 
well as visceral congestion and peripheral edema 
| (group B). These patients had been admitted to the 
` hospital and received the same treatment as the other 
- group, but were receiving larger doses of diuretics. 
Vasodilators had been withdrawn during the week 
_ before the study. Sodium intake was restricted to 4 
: g/day in both groups. We excluded patients with pres- 
-ent or past renal diseases. Ten normal subjects (mean 
age 39 + 6 years) served as controls. Diuresis, urinary 
sodium and potassium and creatinine clearance were 
: measured in all groups. In addition, plasma samples 
| for determinations of plasma renin activity and nor- 
E adrenaline levels were also taken in the supine posi- 
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tly into the lumen of the tubule or to both.? Kallikrein 


‘Católica de Chile, Mar- 


Rosa Silva, BSc, and Cecilia Valen: 









tion after a resting period of 1 hour, and were di 
mined according to previously reported techniq 
Urinary kallikrein activity was estimated from a 
hour collected urine sample by its amidolytic act 
on the chromogenic tripeptide substrate H-D-Vi 
Leu-pNitroaniline, S-2266 (Kabi Diagnostica, Sw 
den).4 Each urine sample was dialyzed and assay 
against his own blank containing aprotinin, and 1 
kallikrein activity was expressed in units per- 
hours, | unit being the amount able to hydrolyze 
umol of substrate per minute at 37°, pH 8.2. Anove 
and the Student-Newman-Keuls test for multiple 
comparisons were used to analyze differences between __ 
groups. Simple linear regression was used for correla- 
tion analysis. Data of controls and patients are listed. __ 
in Table I. a 

Urinary kallikrein excretion was significantly low- 
er in patients with CHF than in controls, and it de- 
creased progressively according to the severity of — 
CHF (p <0.01). Creatinine clearance decreased pro- 
gressively and significantly according to the severity 
of CHF (p <0.01), although 24-hour diuresis was 
similar for all groups. Urinary sodium excretion was 
significantly higher in controls than in group Aand B 
patients (p <0.01), and urinary potassium excretion —__ 
was significantly higher in controls than in group. A - 
patients (p <0.01). No significant differences were 
found in plasma noradrenaline among the 3 groups, __ 
although the values tended to be higher in group B 
patients. Plasma renin activity increased significantly 
and progressively in patients with CHF (p <0.01), 
Urinary kallikrein excretion values did not correlate. 
with creatinine clearance, electrolytes, plasma renin in : 
activity or noradrenaline. R 

Because urinary kallikrein has been related to diuresis 
and natriuresis, our results suggest that decreased uri- 
nary kallikrein excretion observed in patients with CHF 
could be related to the abnormal sodium and water rete 
tion that characterizes this syndrome. Moreover, the 
cretion decreased according to the severity of CHI 

In the kidney, kallikrein is secreted in both the 
nal and basolateral membranes of connecting tubu 
to the interstitial space,* where it may reach thei 
cular compartment.’ Kallikrein released into the inte 
tial space could generate kinins , Which in t 
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<| Mean + SEM 


IDC, 60 M 
IDC, 63 M 
IDC, 72M 
IDC, 58M 
IDC, 60M 
IDC, 63 M 
IDC, 65 M 
IDC, 59 F 
IDC, 58 F 
IDC, 46 F 
IDC, 63 F 


Mean + SEM 61*%*+2 i + 162 i01*+6 


O 0O NGG DUN — 


IDC, 43 M 
IDC, 62 M 
IDC, 48 M 
IDC, 56 M 
IDC, 70 M 
IDC, 21 F 
Mean + SEM 50 + 7 1,762 + 205 + 45* + 6 7a + 2.2 660* + 196 
< 0.01 verses contro} subjects: t p < 0.05 versus group B. ] 


UE C D = coronary artery disease; Creat. Clear. = creatinine clearance; Etiol. = etiology; iDC = idiopathic dilated cardiomyopathy; K = kallikrein; Na = sodium; NYHA = New York 
<4 Hear Association FRA = plasma renin activity; SEM = standard error of the mean, MEER tt 


_ functional class IV, who received the largest doses of 
_ furosemide, Ład the lowest urinary kallikrein values. This 
finding could :ndicate that this excretion is diminished to. bser 
both the luminal and intravascular space. There is no patients with advanced cirrhosis of the liver, concor 
information i i: published reports on the effect of digitalis renal failure, high plasma renin activity and low 
on the kallikrzin system. _ kallikrein values.” ’ 
It is possitle that the low levels of urinary y kallikrein Renal hypoperfusion has been ‘telated to de 
nd i in our patients could contribute to further lower urinary kallikrein excretion.*!0 This could be the 
omerular fätration rate by altering the vasomotor tone our patients in functional class IV, Howev 
at or efferent arterioles® = kallikrein excretion was also decreased in p: 
d p i filtration rate could also t be stable CHF who were in functional class I 
_ normal glomerular filtration rate. Therefo 
‘urinary kallikrein excretion in CHF could be 
only to renal hypoperfusion, but also to pe 
mal neurohormonal activation in C 
__ The relation between the 
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oat horinoral system involved i in water and 
excretion and renal blood flow regulation may 
an abnormal neurohumoral axis in CHF. 
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J rr noue pioneered the mitral balloon valvotomy tech- 
ff nique using his homemade balloon catheter as a 
onsurgical therapeutic alternative to the surgical 
reatment of mitral stenosis.' Because Inoue’s balloon 
catheter was not commercially available at the time, 
vag et al? developed the principal of the double bal- 
loon technique.* The double balloon technique has pre- 
. : vailed to date since the mitral valve areas achieved are 
- -excellent and are maintained at long-term follow-up.2~4 
_ Although the mechanism of mitral valve dilatation for 
both the Inoue and the double balloon technique are 
- similar,'-5 i.e., commissural splitting, no comparative 
clinical data have been reported. Previous published se- 
-ties include noncomparable groups of patients, with dif- 
oe ferent ages and particularly different mitral valve and 
_ subvalvular anatomy.'~* We selected a homogenous, 
oung p population of patients with severe rheumatic mi- 










ve and subvalvular anatomy and age. The ob- 
jective of the study was to compare the mitral valve areas 
and the total procedure times achieved, using the 2 dif- 
ferent techniques. 

We selected 16 patients according to the following 
iteria: a Ja severe symptomatic pliable mitral valve 
enosis with a a mitra alve area <i. I on, (2) mitral 
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-Comparison of Mitral Valve Area Results of Balloon Mitral Valvotomy _ 
J sing the Inoue and Double Balloon Techniques | 


aulo A. Ribeiro, MD, Mohamed Eid Fawzy, MD, Mohamed A. Arafat, MD, Bruce Dunn, MD, 
anpanatha Sriram, MD, Edward Mercer, MD, and Carlos G. Duran, MD, PhD 


valve regurgitation <grade 1 (Sellers classification), — 


(3) echocardiographic score $8 using the Block clas- 
sification,® and (4) absence of calcification of the mi- 


tral commissures. Nine patients were randomly äs- ie 
signed to group l for balloon valvotomy using 2? 


Mansfield balloon catheters (20 + 20 mm in diame- 


ter) and 9 patients to group 2 using the Inoue balloon 


technique with 26- to 30-mm_ balloon catheters! 


Group I consisted of 5 men and 3 women(meanage+ 
standard deviation 31 + 11 years). Six patients were 
in New York Heart Association class II and 2 in class 
III. The mean age of the 8 patients (4 men and 4 
women) in group 2 was 32 + 11 years; 7 patients were 
in New York Heart Association class I and 1 in class 
HI. All 16 patients were in sinus rhythm. a 
The double balloon mitral valvotomy technique, 
using 20 + 20-mm Mansfie eld balloon catheters, has 
been previously described and was performed in grou 
I patients (Figure 1).23 In group 2 patients, mitral 
balloon valvotomy was performed using the Inou 
balloon technique! and the balloon size selection wa 
made according to the Inoue criteria (Figure 2). 
Stepwise echo{Doppler mitral balloon dilatation wa 
done according to the Inoue technique. The total pro 
cedure time was ets as ae to mele The m 
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FIGURE 1. Doaple balloon valvotomy technique using the 2 
Mansfield ballcen catheters in a patient from group 1. 


ac output was measured using the thermodilution 
technique. L2ft ventricular angiography was per- 
formed both əefore and after balloon valvotomy. The 
angiographie degree of mitral regurgitation was as- 
sessed using the Sellers classification. 

Mean + xandard deviation was calculated in the 
usual way. 4 Student's t test was used to test the 
significance #etween the means. 

Group 1: The mean mitral valve area increased 
from 0.8 + 9.2 to 1.9 + 0.5 cm? (p <0.001). One 
patient deversped grade | mitral regurgitation. Resid- 
ual stenosis versisted in 1 patient with a mitral valve 
area <1.5 ca’. The mean total procedure time was 
220 + 30 manutes. 

Group 2: The mean mitral valve area increased 
from 0.8 + C2 to 1.8 + 0.5 cm? (p <0.01). The degree 
of mitral regurgitation increased from grade I to II in 
1 patient. Residual stenosis persisted in 2 patients 
with mitral ealve area <1.5 cm’. The mean total pro- 
cedure time vas 140 + 41 minutes. 

Mitral bal oon valvotomy is an established therapeu- 
tic alternativ> to the surgical treatment of mitral steno- 
sis.!-4 The mechanism of both single and double mitral 
balloon valvesomy is similar to surgical valvotomy, i.e., 
commissural splitting.'~> This study has clearly shown 
that the mitral valve area achieved after balloon val- 
votomy is similar using both the Inoue and the double 
balloon Mansfield technique. Both groups of patients 
had compareble mitral valve and subvalvular anatomy as 
evaluated by echocardiography. Previous published se- 
ries of the Inoue balloon and the double balloon mitral 
valvotomy techniques included a heterogenous popula- 
tion of patiem:s!~* with noncomparable mitral valve and 
subvalvular z>paratus. Studies, both in vitro and in vivo, 
demonstrated that the mitral and subvalvular apparatus 
status were ae major determining factors in achieving 
good mitral ~alve areas after balloon valvotomy.'-?+° 








FIGURE 2. Inoue balloon vaivotomy in a patient from group 2. 


Our study included 2 small groups of patients with simi- 
lar valvular and subvalvular anatomy. Larger studies 
comparing these 2 techniques are required to evaluate 
the incidence of iatrogenic mitral regurgitation between 
the 2 different techniques. The incidence of iatrogenic 
atrial septal defects is small using either technique.'~? 

The double balloon technique using the long transep- 
tal sheath is difficult to master. The Inoue balloon tech- 
nique is less demanding than the double balloon tech- 
nique and consequently decreases the total procedure 
time significantly. This advantage may be outweighed by 
the expense of the balloon catheter: 4 times that of 2 
standard Mansfield balloon catheters. This factor is par- 
ticularly relevant in third world countries where mitral 
valve stenosis is prevalent. 

We conclude that both the Inoue balloon catheter and 
the double balloon technique achieve similar mitral valve 
areas. The Inoue balloon is technically less demanding 
and decreases total procedure time, compared with the 
double balloon Mansfield technique. This advantage 
should be weighed against the expense of the device. 
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Transesophageal Echocardiographic Features of Stenotic 
Bioprosthetic Valves in the Mitral and Tricuspid Valve Positions 


Mohsin Alam, MD, Howard S. Rosman, MD, Gerardo A. Polanco, MD, Mita Sheth, MD, 


Remigio Garcia, MD, and Jeffrey B. Serwin, MD 


frequent long-term complication of bioprosthet- 

ic valves is spontaneous degeneration of the 

cusps with clinical features of valve regurgita- 
tion or, less frequently, valve stenosis.'! Transthoracic 
echocardiography with cardiac Doppler is valuable in 
diagnosing stenosis of bioprosthetic valves.2 However, a 
major drawback of this approach is that all 3 bioprosthet- 
ic Cusps are not consistently demonstrated owing to 
sound attenuation from the intervening chest wall and 
lungs, and to reverberation from the metal portion of the 
valve ring and stents. These problems are usually over- 
come by using a transesophageal ultrasound probe. We 
recently described our transesophageal echocardiograph- 
ic investigations in predominantly regurgitant biopros- 
thetic valves.? Those patients are not included in this 
study. To the best of our knowledge, there are no reports 
on stenotic bioprostheses studied by transesophageal 
echocardiography. 

Transesophageal (single-plane) and transthoracic 
echocardiography, and color flow Doppler studies 
were performed in 27 bioprosthetic mitral and tricus- 
pid valves implanted in 24 patients using standard 
equipment (Hewlett-Packard Sonar 500 and 1000) 
and techniques.* Nineteen patients with 21 biopros- 
theses (19 mitral and 2 tricuspid) were clinically nor- 
mal without cardiac symptoms or regurgitation mur- 
murs, whereas the remaining 5 patients with 5 mitral 
and I tricuspid prosthesis presented with symptoms of 
progressive dyspnea or congestive heart failure, or 
both. Diagnosis of valve stenosis was subsequently 
confirmed in these symptomatic patients by cardiac 
catheterization and angiography performed in 5 pa- 
tients and by valve replacement surgery in 6. None of 
the patients at presentation had active infective endo- 
carditis. 

Ultrasound tests were performed on the same day 
in 20 patients and the valve cusps were identified from 
the stents by their opening and closing motions. If the 
cusps had a dense, bright appearance, they were 
deemed to be thick. The cusps were measured at their 
maximal thickness site during systole. The valve cusp 
separation at its narrowest point was measured in 
early diastole by frame-by-frame analysis on video- 
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tape. Transthoracic continuous-wave Doppler was 
used to obtain peak transmitral and tricuspid flow 
velocities. Mean valve gradient (Bernoulli equation) 
and valve area (pressure half-time method) were then 
calculated using an on-line computer. All valves were 
interrogated by color flow Doppler for the presence or 
absence of valve regurgitation and, once identified, it 
was semiquantitated by previously described tech- 
niques.’ 

Transthoracic echocardiography demonstrated 
limited segments of valve cusps in 15 cases, but failed 
to demonstrate any cusp in 6 other normal valves. 
Because all 3 cusps could not be visualized by this 
approach, the cusp separation could not be measured. 
Mean Doppler mitral valve gradient was 7 + 4 mm 
Hg and mean valve area was 2.1 + 0.7 cm?. Mild 
mitral regurgitation was demonstrated by color flow 
Doppler in 2 cases. 

Transesophageal imaging clearly demonstrated 
all valve cusps which had fine linear appearance 
(thin) in 17 cases (Figure 1), and dense, bright ap- 





FIGURE 1. Transesophageal 2-dimensional 


echocardiogram 
of patient with normal functioning bioprosthetic mitral valve. 
Note thin cusp (c) in its open position. This patient, incidental- 
ly, also had submitral left ventricular aneurysm (AN). LA = 
left atrium; LV = left ventricle; ST = valve stents. 
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FIGURE 2. Trarsesophageal 2-dimensional echocardiogram 


pearance (thæk) in 4. Thin valves had amaximal cusp 
thickness of 2.5 to 2 mm and thick nonstenotic valves 
2 to 3 mm. Diastolic cusp separation varied in clini- 
cally norma. valves from 1.0 to 1.8 cm (mean 1.4). 
Mild mitral ~gurgitation was demonstrated in 6 bio- 
prostheses. 

Transtho-acic echocardiography failed to demon- 
strate the valve cusps in 3 of 6 stenotic valves. In 3 
other cases, dense and bright cusp echoes were demon- 
strated, suggesting thick or calcified valves, or both. 
Mean Doppl= mitral/tricuspid valve gradient was 14 
+ 4 mm Hg and mean valve area 1.01 + 0.3 cm? 
compared wh 18 + 4 mm Hg and 0.8 + 0.2 cm’, 
respectively, ey cardiac catheterization. Mild mitral/ 
tricuspid regurgitation was present in 2 patients by 
transthoraci> color flow Doppler. 

Transesochageal 2-dimensional echocardiogra- 
phy of the stenotic valves, however, clearly demon- 
strated all valve cusps with areas of thickening mea- 
suring 3 to © mm involving I or more cusps in all 6 
cases (Figur 2). Furthermore, cusp mobility was se- 
verely restried with cusp separation measuring 0.3 
to 0.7 cm (mean 0.5). Color flow Doppler demon- 
strated concomitant mild mitral/tricuspid valve re- 
gurgitation 71 4 patients (Figure 3) and moderate 
mitral regurgitation in l. 

Diagnosis 3f bioprosthetic mitral and tricuspid valve 
stenoses may 3e difficult. The cardiac auscultatory find- 
ings are not very specific because an opening sound and 
diastolic rumble can be heard in normal functioning mi- 
tral and tricuspid bioprostheses. Consequently, these pa- 


FIGURE 3. Transesophageal color flow Doppler of patient in 
Figure 2 with stenotic bioprosthetic mitral valve (BMV). Note 


narrow mitral regurgitant jet (MR) occupying <20% of left 
atrial chamber. LA = left atrium; LV = left ventricle. 


tients are often undiagnosed until they develop decom- 
pensated congestive heart failure. 

Transesophageal 2-dimensional echocardiography 
was excellent in demonstrating the presence or absence of 
thin or thick valve cusps with normal or restricted cusp 
opening. The features of thickened and calcified valve 
cusps were subsequently confirmed during surgery in all 
stenotic bioprostheses. In clinically normal functioning 
valves, the mere presence of a thick cusp by itself does not 
indicate severe stenosis and the need for valve replace- 
ment surgery. However, in the absence of endocarditis 
and thrombus formation, a thick valve may represent 
subclinical degeneration.” Patients with severe valve ste- 
nosis can be distinguished from these patients by cusp 
thickness >3 mm and cusp opening <0.7 cm with transe- 
sophageal 2-dimensional echocardiography, and by valve 
area <1.0 cm? with cardiac Doppler and catheterization. 
In conclusion, transesophageal echocardiography com- 
plements transthoracic imaging in diagnosing biopros- 
thetic mitral and tricuspid valve stenoses. 
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nfants and children, direct visualization of patent 
juctus arteriosus and shunt flow i is. often. successful 
asing transthoracic 2-dimensional! and color Dopp- 
\ocardiography.? In adults, however, transthoracic 
ocardiography may fail to yield diagnostic informa- 
on on patent ductus arteriosus. because the ductus is 






-the recent development of a transesophageal transducer 
-with the capabilities of color-coded Doppler flow imag- 
ing, both single- and biplane transesophageal echocardi- 
_ ography have been extensively used in the assessment of 
-patients with cardiovascular diseases.** Transesophage- 
al approach affords consistent high-quality 2-dimension- 
__alimages of the arch and descending aorta without being 
-restricted by lung tissue or ribs. This study evaluates the 
_ diagnostic usefulness of transthoracic and biplane transe- 
_ sophageal color Doppler echocardiography in adolescent 
and adult patients with patent ductus arteriosus. 
-<< The study group consisted of 8 patients (2 men and 
- 6 women, mean age + standard deviation 40 + 18 
_ years, range 16 to 62) with patent ductus arteriosus 
— diagnosed by cardiac catheterization. In 3 patients, 
__ diagnosis was confirmed surgically. Phonocardiogra- 
phy revealed continuous murmur in all 8 patients. 
The ultrasound systems used in this study were the 
‘Toshiba SSH-160A with a transducer of 2.5 MHz 
and 96 elements for transthoracic examination, and 
the Aloka SSD-870 with a biplane transesophageal 
probe for transesophageal examination. The biplane 
- transesophageal probe is equipped with 2 transducers 
-of 5.0 MHz and 32 elements, | for transverse scan and 
-the other for longitudinal scan. 
All patients were examined by transthoracic echo- 
- cardiography i in the left lateral position from a stan- 
- dard parasternal short-axis view at the level of the 
great arteries. Shunt flow from the aorta into the 
pulmonary artery was searched carefully. 
= After pharyngeal anesthesia with aerosol and vis- 
_- cous lidocaine, the transesophageal probe was intro- 
` duced into the esophagus with the patient in the left 
~ lateral position. The descending aorta was visualized 
, wa Pune circular structure with a transverse 
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_tient’s teeth, and the probe: was pulled out carefully in 

search of ¢ ductal shunt , low | 
i pulmonary artery. Subsequently, a longitudinal scan. 
transducer was used to search for ductal shunt flow.. 


located far from the transducer on the chest wall. Since — right shunt flow » was: visualized from the distal to 
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flow from the aorta into the 











With transthoracic color flow mapping, left-to- 





proximal pulmonary trunk in 4 patients (Table 1) and 
from the. mid- to proximal pulmonary trunk in 2 
(Figure 1). In the remaining 2 patients, abnormal flow | 
could not be detected in the pulmonary trunk. Flowin 
the ductus itself or the aorta was not clearly visual- 
ized in any patients by transthoracic approach, Using. 
biplane transesophageal color flow mapping, left to 
right shunt flow from the aorta through the ductus. — 
into the pulmonary artery was visualized on the same 
cross-section in 5 patients with a transverse scan — 
transducer, and in all 8 with a longitudinal scan trans- 
ducer (Table 1). a 

Detection of turbulent flow in the pulmonary artery 
with pulsed or color Doppler echocardiography is not. 
enough to diagnose patent ductus arteriosus. Turbulent 
flow can occur in several cardiovascular disorders suchas 
aortopulmonary septal defect, rupture of aortic aneu- 
rysm into pulmonary artery, pulmonary stenosis, con- 
striction of main pulmonary artery, and coronary artery __ 
fistula draining into the pulmonary trunk.? To rule out 
these conditions, shunt flow in the pulmonary trunk must 





be shown to originate from the ductus. Based on the 
results of this study, transthoracic color flow mapping. 
does not seem to be always useful in establishing diagno- __ 
sis of patent ductus arteriosus in adolescent and adult __ 









TABLE i Echocardiographic Results 
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For transthoracic echocardiography (TTE), + and 0 indicate presence and 
of left-to-right shunt flow distal to proximal pulmonary trunk, For tran: 
Foren te tee (TEE), + and.0 indicate presence and absence of teft-to- 
flow from the descending aorta t heouent the ductus into the pulmonary atte 
ongitudir fe 
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FIGURE 1. Tramsthoracic (A and D) and transesophageal (transverse [B and E) and longitudinal [C and F] scans) echocardio- 
grams from 2 patients with patent ductus arteriosus (PDA). In patient 7 (A to C), shunt flow could not be visualized in the distal 
pulmonary trun« with transthoracic echocardiography (A), and shunt flow was visualized from the aorta (AO) through the duc- 
tus into the pulmonary artery (PA) on the same cross section only with transesophageal longitudinal scan (C). in patient 1 (D to 
F), shunt flow was visualized from the distal to the proximal pulmonary trunk with transthoracic echocardiography (D), and 
shunt flow was sésualized from the aorta through the ductus into the pulmonary artery on the same cross section with both 
transesophageal'transverse (E) and longitudinal (F) scans. ASC = ascending; DES = descending; L = longitudinal scan; T = trans- 


verse scan. 


Patent Ducts Arterlosus and Biplane TEE 


Longitudinal Scan 


FIGURE 2. Schematic drawing showing transverse and longi- 
tudinal sections ef biplane transesophageal echocardiography 
in patients with patent ductus arteriosus (PDA). AO = aorta; 
PA = pulmonary artery. 





patients. In contrast, color flow mapping using a transe- 
sophageal biplane probe equipped with 2 transducers for 
transverse and longitudinal scan is the most useful nonin- 
vasive means of visualizing shunt flow in the ductus itself 
and the surrounding structure in adolescent and adult 
patients with patent ductus arteriosus. Biplane trans- 
esophageal probe was developed to overcome the disad- 
vantage of single-plane probe that the transducer in the 
esophagus is less movable than the conventional trans- 
ducer on the chest wall.°-* In this report, longitudinal 
scan seems more useful than transverse scan in displaying 
shunt flow from the aorta to the pulmonary artery on the 
same cross-section. This might be explained by the fact 
that the aorta, ductus and pulmonary artery frequently 
lie parallel to the esophagus (Figure 2). 
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Echo-Doppler Study of Right Ventricular Filling in Asymptomatic 
Patients with Senning Operation for Transposition of the 


Great Arteries 


Rufino Nascimento, MD, Damião L. Cunha, MD, Pedro Bastos, MD, Pedro VanZeller, MD, 


and Manuel Rodrigues-Gomes, MD 


he noninvasive evaluation of left ventricular dia- 

stolic function using pulsed Doppler echocardiog- 

raphy has gained widespread attention with the 
validation of several indexes with regard to contrast angi- 
ography,! radionuclide angiography? and hemodynamic 
parameters.? However, limited data have been reported 
concerning the use of Doppler echocardiography to as- 
sess the inflow characteristics of the systemic right ventri- 
cle. The purpose of this study was to perform a noninva- 
sive evaluation of right ventricular filling characteristics 
in a selected group of asymptomatic patients who under- 
went the Senning operation for simple transposition of 
the great arteries, using pulsed Doppler echocardiogra- 
phy. 

A selected group of 27 patients (17 male and 10 
female, aged 1.6 to 10.5 years, mean + standard devi- 
ation 6 + 2) were studied 0.6 to 9.8 years (mean 4.9 + 
2.3) after having undergone the Senning operation for 
simple transposition of the great arteries. All patients 
were asymptomatic, had no significant residual de- 
fects on physical examination, electrocardiogram and 
chest x-ray and were taking no medication. The pa- 
tients were classified into 2 groups on the basis of the 
degree of tricuspid regurgitation diagnosed by echo- 
Doppler: group I (n = 17) without or with only trivial 
regurgitation, and group II (n = 10) with moderate or 
moderately severe regurgitation. The measurements 
from tricuspid (n = 10) and mitral (n = 10) pulsed 
Doppler flow recordings from normal age-matched 
children were used for comparison. 
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A complete echocardiographic study was per- 
formed using an Aloka SSD 860 equipped with 5- and 
3.5-MHz transducers, to exclude obstruction to the 
pulmonary or systemic venous return, baffle leak, sig- 
nificant pulmonary stenosis or hypertension. Global 
right ventricular systolic function was evaluated using 
aortic continuous-wave Doppler recordings as de- 
scribed*; preejection time (PET), ejection time (ET), 
acceleration time and peak velocity. From these mea- 
surements the PET/ET ratio, acceleration to ET ratio 
and mean aortic acceleration were calculated. Using 
the apical 4-chamber view and guided by color flow 
Doppler, the Doppler sample volume was placed at 
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(A2-D), acceleration (D-E’) and deceleration (E'-F) time of E, 
and percent atrial contribution to filling. 
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Group Il 
{n = 10) 
87 +7 


p Value 


85211 
104+ 10 95+ 11 
4 263 + 23 262 +8 
| Preejection time/section time 0.40 + 0.04 0.36 + 0.04 
“| Acceleration time ans) 85+ 7 84 +5 

| Acceleration time*gjection time 0.33 + 0.04 0.32 + 0.03 

_ Peak aortic flow welocity (cm/s) 102 + 5 106 + 12 

- Mean aortic flow acceleration 

(m/s?) 12.0 + 0.8 


Values are mean + standard deviation. 
NS = not significar. 


-| Heart rate (beatsimin) 


| Preejection time ms) 
Ejection time (me 


12.62 1.5 


a TABLE li Pulsed Doppler Measurements in Group | Patients 
- and Normal ChrHren. 


Normal Subjects 
RV Filling LV Filling 
{n = 10) (n = 10) 


83 + 12 
113 +7 


78 +7 
74415 


81+ 10 
96 + 16*t 


Heart rate (beatsanin) 

Early peak flow velocity 
(cm/s) 

Atrial peak flow veiocity 
(cm/s) 

Early/atrial veloci y 


i owe tad 44+9 67211 


1.81 + 0.42łt 1.75 + 0.23 2.10 + 0.40 
Acceleration time-@ms) 63 + 10* 75 + 14 64 + 10 

“Deceleration time ims) 115 + 28 120 +22 109215 
Atrial contributiow to filling 0.23 + 0.03 0.21 + 0.02 0.24 + 0.03 
isovolumic relaxation time 64 + 6*t 30 + 15 46+8 


(ms) 
i *p <0.05 vs nornal right ventricular filling; tp <0.05 vs normal left ventricular 
HNE- 


Values are mean < standard deviation. 
LV = left ventricutc; RV = right ventricular. 


the tips of tke tricuspid leaflets, where the highest 
velocities with least spectral dispersion were obtained. 
Tricuspid flo» velocity signals were recorded simul- 
-taneously wit’: an electrocardiographic lead and pho- 
_nocardiogram at a paper speed of 50 or 100 mm/s. 
_ The following variables of right ventricular diastolic 
function were measured (Figure 1): peak early, peak 
atrial and eariy to atrial flow velocity ratio; isovolu- 
_mic relaxation time (time from aortic closure on the 
; phono to the onset of tricuspid flow); acceleration and 
leceleration time of early peak flow, and percent atri- 
al contribution to filling (atrial velocity-time integral/ 
tal velocity-time integral). All measurements were 





















cles recorded during quiet respiration. Extra- and 
I) stextrasystəic beats were excluded. The data were 
ompared usigi an sh aig t test andap value <0. 05 








calculated asa mean of 3 to 5 consecutive cardiac 





Heart rate (beats/min) 

Early peak flow velocity (cm/s) 
Atrial peak flow velocity (cm/s) 
Early/atrial velocity 
Acceleration time {ms} 
Deceleration time (ms) 

Atrial contribution to filling 
isovolumic relaxation time (ms) 


1.81 + 0.42 261 + 0.33 
63 + 10 55 +7 
115428 © 133 + 21 

0.23 + 0.03 0.20 + 0.03 
6446 6729 


Values are mean + standard deviation. 
NS = not significant. 


tion (7%) time of early flow; isovolumic relaxation 
time (7%) and percent atrial contribution to A lling 
(6%). 

The echo-Doppler indexes of right ventricular j sys- : 
tolic function from patients with Senning operation — 3 
are presented in Table I. Patients in group II hada 
significantly shorter PET (p = 0.02) and PET/ET (p. 
= 0.03) than group I patients. None of the other stud- 
ied parameters was significantly different between the 
2 groups. Pulsed Doppler diastolic time intervals and 
velocity data in group I patients and normal subjects: 


are summarized in Table Il. Group I patients had 


significantly greater peak early (p = 0.001) and peak 
atrial (p = 0.02) flow velocities, isovolumic relaxation 
time (p <0.001) and shorter acceleration time of early 
peak flow (p = 0.02) than normal tricuspid flow. 
Compared with normal mitral flow, group I patients 
also had significantly greater isovolumic relaxation 
time (p <0.001), shorter early peak flow velocity {p= 
0.001) and early to atrial ratio (p <0.001). None of — 
the remaining parameters was significantly different. ae 
The influence of tricuspid regurgitation on right ven- 
tricular filling is shown in Table II. Group II patients _ 
had a significantly greater peak early (p = 0.001); 
early to atrial ratio (p <0.001) and a shorter accelera- 
tion time of early peak flow (p = 0.04) than group? — 
patients. The remaining studied parameters were not — 
significantly influenced by tricuspid regurgitation. 
After the Senning operation there is concern about 
the capacity of the right ventricle to support systemic _ 
pressure. Evaluation of this issue requires longitudin 
studies, and echocardiography seems the best meth 
serial comparisons. M-mode,> 2-dimensional echo 
ography® and echo-Doppler‘ has been used to evaluat 
right ventricular systolic function but not to identif 
stolic filling properties, Our study shows that righ 
tricular pais characteristics i in i eee 











i sed Jin physiologic s surgical pe of transposition of the 


E fle. | and ths angle between the 


~ direction. 





eat arteries limits the invasive and noninvasive study of 

sht ventricular diastolic function. Catheterization of 
neopulmonary venous atrium may be difficult in the 

: of a baffle leak and requires arterial catheteriza- 
thermore, the alternative represented by the 

Doppler is confronted with the absence of a specific 

| group because the right ventricle receives pulmo- 

nous blood from a surgically elongated atrium. 

ight ventricular filling pattern that we documented 

d be a result of abnormal ventricular relaxation and 
decreased operative compliance due to an increased mod- 
ulus of chamber stiffness. Because we did not obtain 
- simultaneous invasive hemodynamic data, we could not 
establish which factors were the most important. How- 
ever, studies of left ventricular diastolic Doppler flow 
- profiles? indicate that, in our patients, reduction in right 
ventricular chamber compliance with elevated filling 
_ pressure and the larger size of the tricuspid valve orifice 
- seem to be the dominant factors that partially overwhelm 
__ the effect of a reduced rate of ventricular relaxation. The 
_ consequence of high systolic and low systolic pressures in 
_ the right and left ventricles, respectively, is an abnormal 
-ventricular geometry with a dilated and hypertrophied 
right ventricle.” This abnormal ventricular geometry 
- with an increased right ventricular mass is certainly re- 
- sponsible for an increased ventricular stiffness.” Preoper- 
. ative hypoxia and permanent systolic pressure overload 
-can cause abnormal intrinsic muscular stiffness. Other 
-potential factors influencing the right ventricular filling 
pattern include the postoperative adhesion of the free 


Our study shows that ssyinptotnatic patients u 
going a Senning procedure for simple transposition of 
great arteries have a peculiar right ventricular filling — 
pattern. The data suggest significant abnormalities on 





right ventricular relaxation and operative compliance. 
The presence of tricuspid regurgitation can influence — 


some of the right ventricular filling parameters, even — 
when the patient maintains a satisfying systolic function. 
Furthermore, Doppler indexes of diastelic function pro- 
vide a noninvasive. alternative for the serial assessment of 


right ventricular function i in this group of patients. 
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: Incidence and Significance of a “Step-Down” i in Oxygen Saturation 
_ from Superior Vena Cava to Pulmonary Artery 


D. Brent Glamann, MD, Richard A. Lange, MD, and L. David Hilis, MD 


or everal studies!-4 have assessed the normal vari- 

W ability of oxygen saturations in blood from the 
-KJ right-sided heart chambers. An increase in satura- 
oe tion from the peripheral to the central chambers that 
_ exceed s this variability suggests left-to-right intracardiac 
unting. In some subjects, a decrease in saturation from 








the superior vena cava (SVC) to the central right-sided 
A chambers occurs. In previous studies,>© such a “step- 





j n the Cardiac « Catheterization piesa Paka Memorial 


down” was often observed in patients with shock. This 
study was performed to assess the incidence of a step- 
down in oxygen saturation of 25% from the SVC tothe 
pulmonary artery (PA) and to determine if such a step- 
down is associated with cardiac or renal dysfunction. — 
We reviewed all combined right- and left-sided 
cardiac catheterizations performed at Parkland M 
morial Hospital, Dallas, Texas, from 1978 to 1 990. 
Of 3,296 patients, the oxygen saturation of blooa 
from the SVC exceeded that from | the PA by 25 ir 
177 Lee o sad men, 120 women, age rangel 8 to 88 





















Control 
Subjects 
(n= 177) 








(n = 177) 


















| Age (years) 
















aa 53 +14 51+14 NS 
-+40 Cardiac output 2.7+08 2.6 +0.7 NS 
of (minm?) l 
¿oF Mean PA wedge 19 + 10 13 +8 <0.001 
>” pressure (mn Hg) 
~i Mean PA preseere 30+ 13 22 +10 <0.001 
(mm Hg) 
~ Mean RA pressere 8+6 624 <0.001 
o {mm Hg) | 
Left ventricula: 0.5220.19 0.54+0.16 NS 
-ejection fracion 
Serum creatinine 2.0 + 2.7 12+ 0.4 <Q,001 
(mg/dl) 


All data are meax + 1 standard deviation. 
Sof NS = not significam; PA = pulmonary artery; RA = right atrial; SVC = superior vena. 
oT cava. 





TABLE ii Incétence of Abnormal Hemodynamic and 
Angiographic Variables in Subjects With and Without a = 5% 
SVC-PA Step-Down in Oxygen Saturation 

Step-Down 


Present 
{n = 177) 


Control 
Subjects 
(n = 177} 


45/175 (26%) 


p Value 


Cardiac output 47/175 (27%) 
<2.2 L/min 
Mean PA wedge pressure 
> 18mm Hg 
Mean PA pressure 
> 30 mm He: 
_ Mean RA pressere 
>8 mm Hg 
Left ventricular 
ejection fraction 
<0.40 


All data are mear = 1 standard deviation. 
Abbreviations as n Tatle |. 


88/176 (50%) 37/174 (21%) 


76/176 (43%) 31/176 (18%) 
62/175 (35%) 33/175 (19%) 


36/157 (23%) 30/166 (18%) 





-down nor evidence of left-to-right intracardiac shunt- 
ing, This control group contained 97 men and 80 
women (age range 15 to 79 years). 

-In each patient, a catheter was advanced sequen- 
ly to the SVC, the right atrium and the main PA. 
gle, 2-ml blood samples were obtained within 5 
utes from the SVC and the PA, and their oxygen 
turations were determined with a reflectance oxi- 













ri tput was aetermined by the Fick principle; pulmo- 
nary capillary wedge, PA and right atrial pressures 
are. recorded, and i E le was pêr- 


a using a chi-square 
considered signifi cant. 


» revealed no disease in 18, coronary artery disease į 


. tained from the SVC may be higher than that from the- 


-only 177 of 3,296 patients (5 4%). We tried to determin 
meter (Amer*can Optical) known to be accurate when 
saturation is 45 to 98%.” Within 15 minutes, cardiac 
inadequate peripheral perfusion (manifested by 
























analy, ; 


For the 177 inii with an S y 
catheterization revealed no disease in 10, 
artery disease in71, valve disease in 52, cardiom 
thy in 30, pericardial disease in 7, pulmonary hyper 
tension in 4 and high-output failure in 3. For thes 
subjects, SVC saturation was 69 + 10% and PA sat 
ration was 62 + 11% (p <0.001 in comparison wit! 
SVC). For the 177 control subjects, catheterizatior 


98, valve disease in 37, cardiomyopathy in 21, per 
dial disease in 2 and pulmonary hypertension in 1. 
these subjects, SVC saturation was 68 + 8% and 
saturation was 68 + 9% (p = not significant inc 
parison with SVC). Patients with an S VC-PA ste 
down were similar to the control subjects in age, car 
diac output and ejection fraction. Mean pulmonary 
capillary wedge, PA and right atrial pressures were 
higher (p <0.001) in subjects with a step-down, as was 
serum creatinine concentration (Table I). The inci- 
dence of reduced cardiac output or ejection fraction — 
was similar in the 2 groups, but subjects with a stèp- 
down were more likely to have a mean wedge pressure a 
>18 mm Hg, a mean PA pressure >30mm Hg anda 
mean right atrial pressure >8 mm Hg (Table ID. 
In control subjects, oxygen saturation of inferior vena oe 
caval blood is often high because of the contribution of 5 
renal venous effluent that is highly saturated. Thus, 
blood from the PA is usually more saturated with oxygen’ 
than that from the SVC.! In patients with shock, heart 
failure or renal disease, renal blood flow may decrease?!0 
so that renal venous effluent contributes less to the satu- 
ration of inferior vena caval blood. Because cerebral 
blood flow is preserved,'! the saturation of blood ob- 


























inferior vena cava and the PA. In patients with shock o 
various causes, oxygen saturation of blood from the SVC 
was consistently higher than that from the PA.°® 

In this study, we found that. the saturation of blo OK 
from the SVC exceeded that from the PA by 25% in 











if a step-down in oxygen saturation was. associated y 
(1) cardiac or renal: dysfunction, or both, as reflecte 


diac output); (2) diminished left ventricular perfe 
(manifested by a depressed ejection fraction), ; 
nary vascular congestion (manifested bya hig 































have an oxygen saturatio 


jects wit an SVC-PA step-down, cardiac output and 
on fraction were similar to those of the control 
' (Table I), and the 2 groups had a similar inci- 
bnormal values for these variables (Table II). 


ith which these pressures were elevated was 
er in those with a step-down (Table IT). In addition, 







an ‘in control subjects. Although renal blood flow is 
- often reduced in patients with renal disease of various 
: etiologies, renal oxygen extraction is usually not altered. 





_ Thus, it is possible that the renal contribution to inferior 


- vena caval blood flow is diminished in subjects with an 
_ SVC-PA step-down. Because we did not measure renal 
_ blood flow, we are uncertain if this hypothesis is correct. 
In conclusion, a decrease in oxygen saturation of 
a 25% from the SVC to the PA occurs infrequently. Sub- 
-jects with such a step-down often have elevated pulmo- 
_ nary capillary wedge, PA and right atrial pressures, as 
well as elevated serum creatinine concentration. The 
- mechanisms responsible for these observations are unde- 
_ fined, but it is possible that reduced renal blood flow (in 





an that of SVC blood. In our 177 fir 


er, patients with an SVC-PA step-down had high- 
jù lmonary capillary wedge, PA and right ; atrial pres- 
han the control subjects (Table I), and the inci- - 


i 3. Freed MD; Miettinen Os, Nadas AS. Oximetric ENN of. intracardia 
left to right shunts. Br Heart d 1979; A2: 690-694, 


im creatinine was higher i in patients with a step-down 
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_ Doppler Echocardiography 


a and Peter Hanrath, MD 


"wi t has been known since 1948! that positive end- 
_ expiratory pressure (PEEP) ventilation causes a de- 
M. crease in cardiac output. Since then, the effects of 
_ PEEP on the heart have been studied in detail. There are 
- mainly 2 mechanisms discussed for the decrease in cardi- 


return. This concept!? was questioned later by investiga- 
< tors? who studied transmural pressures and found in- 
~ creased filling pressures with PEEP. They concluded that 
ft ventricular compliance decreases with PEEP owing 







to interventricular septal shift from right ventricular 


- overload* or to compression of the heart by the expanded 
- lungs. Subsequently, more precise measurements of fill- 
-ing pressure? provided no evidence of des ecreased 






€ Tic L Kink dee Rhein 
hüle Monee Pauwelsstrasse 


í c output with PEEP. The first hypothesis is that cardiac - 
output is diminished by reduction of systemic venous 


7 38 years, Tange 29 to 75 


Mitral and Pulmonary Venous Flow. Under inflüenċė of Positive End- __ 
xpiratory Pressure Ventilation Analyzed by Transesophageal Pulsed o 


Rainer Hoffmann, MD, Heinz Lambertz; MD, Hartmut Jütten,. Frank A. Flachskampf, MD, 


compliance. Left ventricular function impairment could a 


not be detected using either equilibrium-gated blood pool 
scintigraphy or transesophageal 2-dimensional echocar- 
diography.® Most examinations have relied on hemody : 
namic measurements that are dependent on intricat 
pressure recordings that are not always reliable.4> T 
study attempts to gain insight into changes in hem 
namics after induction of PEEP by measuring flow p 
terns with Doppler echocardiography. To examine t 
mechanism of reduction in cardiac output produced 
high levels of PEEP ventilation, left atrial and left y 
tricular filling patterns were recorded with cae Doy 
ler for 0- and- 15-cm H0 PEEP. 

Fifteen patients (10 men and 5 women , mead 











pulsed Doppler echocardiography was used for re- 
cording flow velocities in the left upper pulmonary 
vein and the mitral valve. A Hewlett-Packard Sonos 
500 with a 5-MHz transesophageal transducer was 
used for investigation. Mitral flow was sampled at the 
leaflet tips and pulmonary venous flow at least 1 cm 
upstream from the orifice of the left upper pulmonary 
vein. Flow velocities were recorded for 0- and 15-cm 
H,O PEEP at expiration. The following measure- 
ments were obtained: For mitral valve flow, velocity- 
time integrals of E and A waves, total velocity-time 
integral and E/A ratio were calculated. For pulmo- 
nary venous flow, velocity-time integrals of systolic, 
diastolic and reverse flows, and total velocity-time 
pee: were determined (Figure 1). Subsequently, 


+ a <a 





b 
» 
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the systolic/diastolic flow ratio was calculated. From 
each recording, 3 consecutive beats were chosen for 
analysis and averaged. Differences were analyzed sta- 
tistically by paired t test with a significance level of p 
<0.05. 

The change of heart rate (94 + 22 to 92 + 19 
minutes—') with induction of PEEP was not signifi- 
cant. Mean blood pressure decreased significantly (90 
+ 18 to 81 + 19 mm Hg, p <0.01) after induction of 
PEEP. 

Induction of 15-cm H0 PEEP resulted in a sig- 
nificant reduction of the total mitral valve velocity- 
time integral (15.2 to 12.0 cm, —21%, p <0.05). The 
reduction of the velocity-time integral of the E wave 
(7.7 + 3.0 to 5.3 + 2.6 cm, —31%, p <0.01) was larger 


(mm and email 


FIGURE 1. Mitral (M) and pulmonary ve- 
nous (PV) flows are shown schematically. 
Velocity-time integrals (VTIs) of the E and 
A waves for mitral flow were measured. 
Velocity-time integrals of systolic (S), dia- 
stolic (D) and reverse (R) flows for pulmo- 
nary venous flow were determined. 


FIGURE 2. The pulsed Doppler mitral flow 
profile is shown for 0- and 15-cm H20 
positive end-expiratory pressure (PEEP). 
Arrow indicates that there is mainly a re- 
duction of the E wave with induction of 
PEEP. 
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ity-time integrals in cm of the E, A, systolic, diastolic 


and reverse 
15, PVo = pulmonary venous flow variables with 15- or 0- -mm Hg PEEP; SD = 





_ than that of the A wave (7.5 + 4.1 to 6.7 + 3.5 cm, 
—11%, p = not significant). As a result, the ratio of 
the velocity-time integral of the E to A waves de- 
creased (1.3 to 1.0, p <0.05). Figure 2 shows an exam- 
ple of the patterns of expiratory mitral flow at PEEPs 
of 0- and 15-cm H30. 

The total velocity-time integral of pulmonary ve- 
nous flow declined by 25% (16.9 to 12.5 cm, p <0.05) 
after induction of 15-cm H0 PEEP compared with 
the basal condition. The reduction of systolic antero- 
grade flow (11.0 + 5.2 to 8.7 + 4.2 cm, —21%, p 
<0.05) was less than that of diastolic anterograde 
flow (7.0 + 4.0 to 4.7 + 3.1 cm, —32%, p <0.01). As a 
result, the ratio of the velocity-time integral of systol- 


FIGURE 3. The pulsed Doppler pulmonary 
venous flow profile is shown for 0- and 
15-cm H20 positive end-expiratory pres- 

sure (PEEP). Arrow indicates that there is 
mainly a reduction of the diastolic (D) 
wave with induction of PEEP. S = systolic. 


waves; Mis, i= ia Now wales wih T5- of OP PEP PEEP = positive 


ic to diastolic waves changed significantly (2.0 to 2.4, 
p <0.05). For diastolic retrograde reverse flow, there 
was a nonsignificant reduction of 18% (1.1 + 0.5 to 0.9 
+ 0.2 cm). The changes occurring in pulmonary ve- 
nous flow with increase of PEEP (0- to 15-cm H 0) 
are shown in Figure 3. Mitral and pulmonary venous 
flow variables with and without PEEP are listed for 
all 15 patients in Table 1. 

This study demonstrates a significant decrease in to- 
tal mitral and pulmonary venous flow velocities with the 
administration of 15-cm HO of PEEP. This finding is 
not surprising, since decrease in cardiac output was first 
described in 1948.' The mitral flow pattern underwent a 
significant change of the E/A ratio (1.0 to 1.3) owing to 
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a larger decrease of the E wave with PEEP. Changes in 
mitral flow pattern with prominent A wave have been 
ascribed to reduced diastolic function.’ However, the 
E/A ratio has been found to be very dependent on left 
ventricular filing pressure.’ The E/A ratio can be re- 
duced by altering the left ventricular preload. Our find- 
ing of a chanze in the E/A ratio in favor of the A wave 
might therefore result from either impaired left ventricu- 
lar filling or reduced preload. To distinguish these condi- 
tions, we additionally investigated pulmonary venous 
flow. Previous studies have shown that pulmonary venous 
flow is influenced by dynamic changes in left atrial pres- 
sure and not by transmission of pressure pulse from the 
right ventricle %!° Therefore, pulmonary venous flow de- 
pends on the pressure gradient between the pulmonary 
veins and left atrium. The pulmonary venous systolic 
wave results from a decrease in left atrial pressure during 
ventricular systole. This is the consequence of a descent 
of the mitral valve anulus due to shortening of the left 
ventricle? and is also a result of atrial relaxation in pa- 
tients with sirus rhythm. In early diastole, pressure in the 
left atrium is reduced owing to atrial emptying, creating 
the mitral E wave. Therefore, the resulting diastolic for- 
ward flow in -he pulmonary veins reflects the transmitral 
flow pattern Figure 4). Flow from the pulmonary veins 
passes through the left atrium into the left ventricle, with 
the left atrium acting as an open conduit.” Mitral valve 
A-wave and aulmonary venous reverse-wave flows occur 
in late diastcle and result from atrial contraction. 
With PEEP, we observed a reduction of the systolic 
and diastolic waves; however, the decrease of the systolic 
wave was less than that in the diastolic wave. This ap- 
pears to be due to a preserved suction effect promoted by 
the descending mitral valve anulus in systole. Both pul- 
monary venous diastolic and mitral E waves decreased to 
a similar extent. Mitral E flow is dependent on the driv- 
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ing pressure across the mitral valve, which is determined 
by left atrial pressure and ventricular relaxation and 
compliance. Pulmonary venous diastolic flow closely fol- 
lows mitral E flow. The reduction of these flows might 
therefore result from reduced left atrial pressure or im- 
paired ventricular relaxation. 

Mitral A and pulmonary venous reverse waves were 
better preserved. Atrial contraction results in forward 
flow through the mitral valve and in reverse flow into the 
pulmonary veins. In case of decreasing compliance of the 
left ventricle, there would be a larger increase in left atrial 
pressure during atrial contraction. Thus, the atrial re- 
verse flow into the pulmonary veins would be greater 
than the atrial forward flow through the mitral valve.!! 
We did not observe such an increase in reverse flow, but 
rather a nonsignificant decrease. This finding does not 
support the hypothesis of a left ventricular diastolic func- 
tion disturbance initiated by PEEP. Our data show re- 
duced filling of the atrium through the pulmonary veins 
with PEEP, leading to a decrease in the mitral E wave. 
Consequently, the results of this study favor reduction in 
left ventricular filling pressure, and not left ventricular 
diastolic compliance or relaxation disturbance, as the 
reason for reduced cardiac output with PEEP. 

The changes in mitral valve and pulmonary venous 
flow patterns described in this study resemble those 
found recently with reduced left ventricular filling pres- 
sure.'? The question of changes in left ventricular filling 
pressures with PEEP has been widely debated. Cour- 
nand et al! and later Qvist et al* believed impaired venous 
return was the reason for decreased cardiac output. Qvist 
et al found a reduction in transmural filling pressures. 
They concluded that there was no change in left ventricu- 
lar function with PEEP. However, well-maintained or 
even increased filling pressures with PEEP together with 
decreased cardiac output were found later.’ It was postu- 





700 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 SEPTEMBER 1, 1991 





ial sniface c catheter resulted i in pie transmural 
ressures than those reported before using esopha- 
interior pericardial and pleural pressures as indica- 
f juxtacardial pressure. With these lower trans- 
al filling pressures, pressure volume curves did not 
any major changes in ventricular contractility or 
ance. For interpretation of hemodynamic mea- 
s, accurate transmural pressure recordings are 
ef re essential. Jardin et al* tried to circumvent the 
‘iculties of transmural pressure measurements by us- 
ing echocardiography, instead of this technique, to deter- 
mine left ventricular function with PEEP. They found a 
septal shift to the left caused by right ventricular overload 
due to increased pulmonary artery resistance, and postu- 
lated that ventricular interdependence would alter left 
ventricular compliance. However, only 1. echocardio- 
graphic view was used for evaluation of the septum, and 
cardiac rotation with PEEP may have confounded their 
‘data. Further studies did not confirm this altered right- 
left ventricular volume ratio.6 No reduction of ejection 
raction was found when using radionuclide angiography 
or evaluation of right and left ventricular volume.® It 
was concluded that there was no change in left ventricu- 
lar function; however, this method determines only sys- 
tolic function. The ejection fraction did not change, but 
his investigation again was limited to systolic function. 
ur approach of using pulsed Doppler echocardiography 
for investigating complex changes occurring after induc- 
tion of PEEP relinquished any intricate hemodynamic 
measurements. In agreement with previous. studies, 
ulsed Doppler flow measurement provides indirect clues 
tol t ventricular diastolic function. The combination of 














je following account of Russian army demobili- 
ation in 1917, with its cardiologic overtones, is 
‘based.on a story frequently told by the protago- 
he mother of one of the authors (SRS), as well as on 

documents carefully preserved for more than 7 











June 13, 1917, Ginda Moisseyevna Kalujna (Fig- 
aduated from the Women’s Medical Institute of 
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reduced venous return and ma not represent a c 
ventricular- function impairment. 
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Saint Vladimir University, Kiev, and was mede. 
conscripted into the Russian army as a medical of 
(“ordinator” in Russian; equivalent to intern). Wo 
serving at the warfront was an innovation introd i 
after the February 1917 revolution by the Kerensky g 
ernment. Kalujna had enlisted under her married nam 
as Dr. Rosenblatt, having oy wed Abraha : 
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the situation was further complicated by great economic 
disorganization, difficulties of transport, and mutinous 
movements among the troops against the traditional, 
severe disciplimary practices of the Russian army.” Sup- 
plies of food, clothing, bandages and medicine were run- 
ning low. Dr Rosenblatt would never forget the hospital 
wards filled with patients moaning and screaming with 
pain, often wishing for death. She had experienced some 
of this previcasly during her medical studies while serv- 
ing as a “fedsher” (doctor’s assistant), from June 10, 
1915, to Apri 1, 1916, in the No. 7 District Hospital in 
Kiev, the cacital of the Ukraine. 

Upon incaction into the army, Dr. Rosenblatt was 
initially assigned to the 266th Infantry Regiment, serving 
at the milita-y hospital in Ostrog, a town about 160 km 
west of Zhitemir in the Ukraine (i.e., on Russia’s south- 
west front facing the Austro-Hungarian army). She was 
at once immersed in the work of attending to the ill and 
wounded. Lazer, she was assigned a post even closer to 
the fighting front. 

Rosenblatt’s superior officer was Dr. Henryk Zamen- 
hof (1871 tc 19352), a dermatologist, one of several 
brothers of Ludwig L. Zamenhof. Ludwig, an ophthal- 
mologist, had attained fame as a humanist and as the 
inventor of Esperanto.’ Close to the front and to the 
miseries engendered by the war, and facing the most 
serious shor-ages of food and medical supplies, Rosen- 
blatt and her colleagues had to make sharp decisions in 
order to ease he situation. The revolution had given birth 
to committess in the army, and these began to act quite 
independently of the central government. In Ostrog, the 
regimental committee decided to end their part in the 
war by simpie demobilization. The ranks were already 
being deplezed by desertions, but for those remaining 


soldiers who were mobile, the medical officers agreed to 
provide medical discharges. As this was to apply also to 
the commissioned personnel, Zamenhof, Rosenblatt and 
the other medical officers had to work out a plan to 
justify their departure from the armed service. As a result 
of their deliberations, they proceeded to examine their 
fellow officers, frequently “discovering” that they suf- 
fered from “heart ailments.” That these examinations 
were pro forma, inspired by the need to meet the unusual 
situation, is clear from the fact that Zamenhof, although 
very hard of hearing, performed many of the ausculta- 
tions and signed the discharges, including that of Ginda 
Rosenblatt! Their work went on apace, and on December 
12, 1917, Ginda wrote her husband in Moscow that “the 
Medical Commission had nearly completed its work” 
and that she would soon be free. 

This brief story relates one of the minor ways in which 
the war on Russia’s western front was brought to an end. 

On receiving her honorable discharge in 1918, Ro- 
senblatt returned to Kiev to look for her husband, He had 
served in the Russian army since 1914, becoming a junior 
lieutenant after the February revolution. He received a 
leg wound in 1917 while on Russia’s northwest front. 
After recovering, he was able to get to Moscow, and 
eventually to Kiev, where the couple was reunited. 

After the war, Dr. Rosenblatt practiced medicine in 
Bessarabia, which had been taken by Romania. From 
1920 to 1922, she worked in Briceni at the Municipal 
Hospital, and from 1923 to 1934, she lived in Lipcani, a 
nearby town, where she directed a clinic sponsored by 
OSE (an international organization providing health ser- 
vices to Jewish populations), and also engaged in private 
practice. In May 1934, she emigrated with her family to 
Toronto, Canada. Two years later, she fulfilled the re- 
quirements for the M.D. degree at the Faculty of Medi- 
cine, University of Toronto, but decided to devote the 
second part of her professional career to social work in 
Toronto and later Montreal. She was intellectually active 
till the end of her long life at age 95 years in Montreal 
(1891 to 1986). 


Acknowledgment: We gratefully acknowledge the as- 
sistance of Professor Stephen Zamenhof, PhD, in con=s, 
firming Dr. Rosenblatt’s identification of her superior 
officer as Henryk Zamenhof (Stephen’s father). 
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| Benjamin Franklin’s Poor Richard’s Almanack 


pona Ehi aiá 


and Its Maxims on Physicians, 
Medicine and Nutrition 


s a boy one of my favorite books was Benjamin 
i A Franklin’s autobiography.* Only recently did I 
= A read his Poor Richard's Almanack, the most 
popular publication of the American colonies. This piece 
will present some of Poor Richard’s maxims on health 
and its providers. But first some facts on Poor Richard’s 
author, one of our greatest Americans and probably the 
first world citizen.2~> 
Benjamin Franklin was born in Boston on January 6, 
1706, and died in Philadelphia on April 17, 1790. He was 
the fifteenth of 17 children, and the youngest of 10 sons. 
He never remembered when he could not read. At age 8 
he started school but by 10, for financial reasons, his 
father pulled him out to work in his shop making candles 
and soap. At age 12 he became a journeyman in a 
brother's printing business. By 16 he was writing pieces 
in his brother’s newspaper under the name “Silence Do- 
good.” At 17 he became a vegetarian so that he could 
have more money to buy books. (Years later at a fish fry, 
he saw little fish removed from the stomachs of the larger 
ones and thought, “If you eat one another, I do not see 
why we may not eat you. It was then easy to return to an 
omnivorous diet.” ) At 18 he left Boston for New York 
City, but when unable to find employment he sailed for 
Philadelphia where he became a journeyman printer the 
day after arriving in October 1723. A year later he went 
to London to acquire materials to set up his own printing 
company but he was unable to find financing. He worked 
in London as a printer for 18 months before returning to 
Philadelphia in October 1726. At age 22 he formed the 
Junto, a self-improvement and mutual aid society for 
ambitious young men, and it later became the American 
Philosophical Society. At age 23 (1728) he began his 
own printing business (initially with a partner) and the 
next year purchased the failing Pennsylvania Gazette 
which, during the next 10 years, became the most widely 
read newspaper in the colonies, inhabited by about 
3,000,000 persons. In 1730 his son William was born out 
of wedlock to an unidentified mother, and later that year 
he formed a common-law union with Deborah Read 
Rogers, whose husband had run away, and to whom he 
was “married” for 44 years. At age 26, Franklin started 
‘My father in 1925 also wrote a piece on Benjamin Franklin.! 
The first sentence of his article was better than mine: “Two hundred 
and fourteen years after Columbus discovered America and seventy 


before the Declaration of Independence, there was born in the bleak 
Boston in the early eighteenth century a boy by the name of Benja- 


min Franklin. . . 


the first American subscription li- 
brary, formed the first of sever- 
al printer partnerships in other co- 
lonies, and wrote and published 
the first of the 25 annual issues 
of Poor Richard's Almanack, ~~ 
which ceased in 1757 when 4 
Franklin left for a near 20-year 
sojourn in London. At age 32 
(1737) he became Postmaster of 
the Pennsylvania colony and at 
age 48, Postmaster General of North America. Another 
son was born in 1737 (he died 4 years later) and his 
daughter was born in 1743. 

At age 43 (1748) Franklin, now a man of means, 
retired from the day-to-day activities of his printing com- 
pany by bringing in a partner. For the remaining half of 
his life (42 years) he devoted himself primarily to scien- 
tific research, civic affairs, and statesmanship. In Phila- 
delphia, he organized the first police force and the first 
fire company in the colonies, initiated the lighting and 
paving of streets, co-founded the first hospital (later 
called the University of Pennsylvania Hospital )®-’ and an 
academy (later to be the University of Pennsylvania), 
and he became president of the first abolition society 
(although at one time he owned slaves). 








ea 1. Benjamin Franklin at age 78 (1783) while in 
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nerican scientist of that day and the authority on elec- 
city. His studies made him immensely famous, a 
ember of the important learned societies in Europe, 
d the best known American by Europeans. He also 
vented the Franklin Stove (This was the first stove— 
also called the Pennsylvania fireplace--that made a cold 
‘room warm and comfortable and free from smoke. 1) a 
rolling press for making copies of letters, an artificial 
hand and arm for placing books on high shelves, bifocal 
eyeglasses, the water-glass harmonica, and a flexible uri- 
„pary catheter made of silver. His contributions to medi- 
cine were many.!!8 In 1759 at age 54 he received 2 
‘honorary doctorate degrees (St. Andrews and Oxford) 
_and thereafter he was called “Doctor Franklin.” 
In 1757 (age 52), Franklin was appointed agent to 
` England from the Pennsylvania Colony (later also from 3 
„other colonies): and he returned to North America only 
-once until 1775 (age 70). His wife, who refused to cross 
the Atlantic, died in 1774 at age 69. He was well 
“equipped to be America’s “agent” to London (or later to 
Paris). As Postmaster General, Franklin read most 
-newspapers in the colonies and he had visited most post 
offices so he knew America well. Franklin was one of the 
- early backers of independence for the American colonies. 
-Upon returning from England, he headed the delegation 
_ from the Penasylvania Colony to the Congress which 
wrote the Declaration of Independence (1776). Later 
- that year he was elected Commissioner to France to seek 
their support for the American side during the Revolu- 
- tionary War. He did not return to North America until 
_ 1785. In 1787 he was a delegate to the Constitutional 
` Convention.!? Three years later, at age 85, he died. 
= In France, Franklin was regarded as a friend of hu- 
_ mankind. John Adams said he was better known than 
-Frederick the Great or Voltaire. His phrase ca ira—it 
-will all come right in the end—-became the song of the 
_ French Revolution. He was full of witticisms, jokes, 
memories, knowledge and keen observations, and these, 
ith his charity and gentleness, made him a charming 
: wailable social asset. He was represented in France 
sts and p prints, in statuettes, on snuffboxes, on rings, 
in miniatures, on handkerchiefs and dishes, and in 
ions. A? these images showed him as patriarchal, 
Id ad wise, and his face became as familiar as that of 






































r Richard’ S Almanack, like other almanacs of 
cont gor d calendars and we of ie Hi be lise a 


; anklin’ S T) or ier was a. as fe e ee 









ngs, Bio . 
They were strung ¢ on a stick a hung by the firer 
often with records of the family written in for ma 7 
years. They were sometimes paid for in wheat and pota- 
toes, a handful of nails or a bottle of rum. a 
The maxims of Poor Richard’s Almanack were not 

all Franklin’s own. They were, he said, “the wisdom f 
many ages and nations,” and he borrowed them fi reely 
from Dryden, Pope, La Rochefoucauld and Rabelais, a 
changing the words, reworking them, and including pop- 
ular adages.? His rule for writing, he once said, was. be 
“smooth, clear, and short.” His sayings soon passed int 
everyday speech and were quoted in sermons, on title 
pages of pamphlets, or as mottoes in newspapers. In the : 
twenty-fifth almanac in 1758—-the last one-—F ranklin 
presented “Father Abraham’s Speech” or “The Way to _ 
Wealth” composed of a string of adages from previous _ 
almanacs. Most colonists, Franklin said, were “middling _ 
people” who were obliged to work and save to prosper _ 
and survive, and the popularity of the proverbs was due to- 
this fact. They also were immensely popular in Europe.: 
In 1990, 200 years after Franklin’s death, Peter 
Baida? pointed out that Franklin was the first writer of — 
success literature. In all his work, Franklin talked about _ 
character as the source of success, citing industry, frugal- 7 
ity, sobriety, honesty, perseverance, loyalty and reliabili- - 
ty. Both his autobiography and the maxims in Poor: 
Richard’s Almanack have exerted a considerable influ- _ 
ence for over 200 years. We can all profit from Franklin's- 
ideas of success, whether in business or in health. The _ 
remainder of this piece lists some of Poor Richard’s _ 
comments on physicians, medical wisdom, medical ad- 
vice, eating, foods, alcohol and heart: me 


PHYSICIANS 


He’s a Fool that makes his Doctor his Heir. = 
Beware of the young Doctor & the old Barber. 
God heals, and the Doctor takes the Fees. CEE 
He’s the best physician that knows the worthlessness : 
of the most medicines. : 
Don’t misinform your Doctor nor your Lawyer. - 
It is ill Jesting with the Joiner’s Tools, worse with tl 
Doctor’s. 















MEDICAL WISDOM 


Early to bed, and early to rise, makes a Ma 
wea y and wise. 
A good Wife & Health, is a Man 5 bes fe 
A A good Man is seldom uneasy, an ill onen nev 






















i tch the disease i in time: For P within The 





patient cries, ‘And sees the doctor, but too late i is wise: 
oo late for cure, he proffers half his wealth: Ten thou- 
| doctors cannot give him health. | 
th takes no bribes. À 


MEDICAL A ADVICE | 

Would you live with ease, Do what you PEET and 

not what you please. 

; Keep your mouth wet, feet dry. 

Hot things, sharp things, sweet things, cold things All 
rot the teeth, and make them look like old things. 

: Be temperate in wine, in eating, girls, & sloth; Or the 

a will seize you and plague you both. 

Be not sick too late, nor well too soon. 

_ He that can take rest is greater than he that can take 


























Don’ tgo to the doctor with every distemper, nor to the 
_ lawyer \ with every quarrel, nor to the pot for every thirst. 

To B riend, Lawyer, Doctor, tell plain your whole 
= ie | 
| | Time i is an herb that cures all Diseases, 


EATING 


_ Eat to live, and not live to eat. 

To lengthen thy Life, lessen thy Meals. 

Three good meals a day is bad living. 

Eat few Suppers, and you'll need few Medicines. 
ine with little, sup: with less; Do better still; l; sleep 
























that ie carnally, won t live maA 
| any, dishes many diseases, Many medicines few 








I saw few die of Hunger, of Eating 100000. 
. full Belly is the Mother of all Evil. 
lier Belly makes a dull Brain: The Muses starve in a 








—-Year’s Cyder. 
y Tages, and extends: the skin, Ini vain for helebore 7 


food, quench his thirst with ; any drink, please his ear W 
- any musick, delight his « eye with any painting, any sculp 


-or any company! How ‘many mortifications must he s suf 
fer, that cannot bear anything but beauty, order, ele i 


to dull and oppress it. . 


as may be; for ‘tis more difficult to refrain good Ch 
when it’s. present, than from the D Desire of it when 
o away.. E 


Sleep without Sippe. and you'll rise e without owing 


S it better, 





eae Hunger i is the bet Pickle. 
Too much plenty makes Mouth ia | 
Where there is Hunger, Law is not regarded; 

where Law is not regarded, there will be Hunger. 
He that would travel much, should eat little. 
Fools make feasts and wise men eat them. 
A fat kitchin, a lean Will: 


Give me yesterday’ s Bread, this. wo S Flesh, and 



























Many a Meal i is Jost: tor. : want of meat, 
- Eat to please thyself, but dress to ne other 
How happy i is he, who. can satisfy his hunger with 
















ture, any architecture, and divert his mind with any b 00! 








gance & perfection! Your man of te taste, is nothing but a 
man of distaste. 8 

On the 18th of this month, anno: 1546 died that 
famous reformer, LUTHER: who struck the great blow 
to papal tyranny in Europe. He was remarkably temper 
ate in meat and drink, sometimes fasting four days to- 
gether; and at other times, for many days eating only a _ 
little bread and a herring. Cicero says, There was never So 
any great man who was not an industrious man; to which 
may, perhaps, be added, There was never any industrious 
man who was not a temperate man: For intemperance in __ 
diet, abates the vigour and dulls the action both of the : 
mind and body. | 


. eat for Necessity, not Pleasure, for Lust Kaige n not 

where Necessity. ends... 
If thou art dull and bea after Meat, it’s a sign thou 
hast exceeded the due Measure: for Meat and Drink 
ought to refresh the Body, ar and make it cheerful, and g 





























Keep: out of the Sight of. Fe easts and Beoguets as mu 















If a Man casually: sid s, let him fast the 1 
Meal, and all may be well again, provided it be not 
often done; as if he exceed at Dinner, let him refrait 1 
Supper, . 3 

A MNE Diet frees from Diseases; such are se 
dom ill, but if they are T with Sickness, they t 







: anda recover sooner . 
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Cheese and salt meat, should be sparingly eat. = 1925:3:501-507. 
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‘ake counsel in wine, but resolve afterwards in water. jof B 

Drink Water; Put the Money in your Pocket, and 

ave the Dry-bellyach in the Punchbowl. | 





























Light purse heat heart. ; 
The heart of a fool is in his mouth, but the mouth of a Franklin to "Donald Trump. New , 
an is in his heart. o 1990360, a K 


































































tartrate USP 


MARY (FOR FULL PRESCRIBING | 
ION, SEE PACKAGE INSERT) 


ONS AND USAGE 

on 

ablets are indicated for the treatment of hyperten- 
may be used alone or in combination with other 
tensive agents. 

ecioris 

yr is indicated in the long-term treatment of angina 


lal Infarction l 

r ampuis and tablets are indicated in the treatment of 
y. silt stable patients with definite or suspected 
nyocardia! infarction te reduce cardiovascular mortality. 
ènt with intravenous Lopressor can be initiated as soon 
batient’s clinical condition allows (see DOSAGE AND 
ISTRATION, CONTRAINDICATIONS, and WARNINGS). 
atively, treatment can begin within 3 to 10 days of the 
vent (see DOSAGE AND ADMINISTRATION). 


AINDICATIONS 

ension and Angina 

sor is contraindicated in sinus bradycardia, heart block 
than first degree, cardiogenic shock, and overt cardiac 
{see WARNINGS). 


sor is contraindicated inpatients with a heart rate < 45 

in; second- and third-degree heart block: significant 
gree heart block (P-R interval = 0.24 sec); systolic 
fessure < 100 mmHg: or moderate-to-severe cardiac 
e WARNINGS). 


S 

sion and Angina 

ac Failure: Sympathetic stimulation is a vital component 
tting circulatory function in congestive heart failure, and 
ockade carries the potential hazard of further depressing 
cardial contractility and precipitating more severe failure. 

© <pertensive and angina patients who have congestive heart 
e controlled by digitalis and diuretics, Lopressor should 
ministered cautiously. Both digitalis and Lopressor slow 
nduction. . 
Patients Without a History of Cardiac Failure: Continued 
¿ssion of the myocardium with beta-blocking agents over 
iod of time can, in some cases, lead to cardiac failure. At 
rst sign or symptom of impending cardiac failure, patients 
id be fully digitalized and/or given a diuretic. The response 
id. be observed closely. If cardiac tailure continues, de- 
adequate digitaiization and diuretic therapy, Lopressor 

id be withdrawn. 


sthemic Heart Disease: Following abrupt cessation of 
; erapy with certain beta-blocking agents, exacerbations 
of angina pectoris and, in some cases, myocardial intarc- 
ion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emit heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should 
be caretully monitored. If angina markedly worsens or 
acae coronary insufficiency develops, Lopressor admin- 
istration shouid be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be: warned against interruption or discontinuation of 
therapy without the physician’s advice. Because coronary 
pth oeae ig common and may be unrecognized, it 
may oe prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


astic Diseases: PATIENTS WITH BRONCHO- 

BTC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
A BLOCKERS. Because of its relative beta, selectivity. 
aver, Lopressor may be used with caution in patients with 
phospastic disease who do not respond to, or cannot 
ate, other antihypertensive treatment. Since beta, 
stivity is not absolute, a beta,-stimulating agent should 
ministered concomitantly, and the lowest possible dose 
= ressor should be used, in these circumstances it would 

udani initially to administer Lopressor in smaller doses 
es daily, instead of larger doses two times dally, to 
higher plasma levels associated with the longer 
aryal. (See DOSAGE AND ADMINISTRATION.) 
urgery: The necessity or desirability of withdrawing 
ing therapy prior to major surgery is controversial: 
aired ability of the heart to respond to reflex adrenergic 
Bey augmen the risks of general anesthesia and sur- 
ocedures. 
sor, like other beta blockers, is a competitive inhibitor 
receptor agonists, and its effects can be reversed by 
tration of such agents, e.g.. dobutamine or iso- 
Ol. However, such patients may be subject to 
ed severe hypotension. Difficulty in restarting and 
ning the heart beat has also been reported with beta 


a 


‘tes and HA beh rema: Lopressor should be used 
ition in diabetic patients if a beta-blocking agent is 
. Beta blockers may mask tachycardia occurring with 
cemia, but other manifestations such as dizziness and 
g may not be significantly affected. 
toxicosis: Beta-adrenergic blockade may mask certain 
signs (e.g., tachycardia) of hyperthyroidism. Patients 
ed of developing thyrotoxicosis should be managed 
/ to avoid abrupt withdrawal of beta blockade, which 
‘ecipitate a thyroid storm. 
dial infarction a a 
ure: Sympathetic stimulation is a vital component 
ig circulatory function, and beta blockade carries the 


or exacerbating minimal cardiac failure. 

reatment with Lopressor, the hemodynamic status of 
should be caretully monitored. it heart failure oc- 
rsists despite appropriate treatment, Lopressor 

è discontinued. 


azard of depressing myocardial contractility and pre- < 


Bradycardia: Lopressor produces a decrease in sinus heart 


"rate in most patients: this decrease is greatest among patients 


with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
ferior infarction) may in itself produce significant lowering of 
the sinus rate. [f the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg) should be administered 
intravenously. If treatment with atropine is not successful, 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. 

AV Block: Lopressor slows AV conduction and may produce 
significant first- (P-R interval =0.26 sec), second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart biock. 

if heart biock occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
if treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered. 

“ypo eezion if hypotension (systolic bload pressure = 90 
mmHg) occurs. Lopressor should be discontinued, and the 
hemodynamic status of the patient and the extent of myocardial 
damage carefully assessed. invasive monitoring of central ven- 
ous, pulmonary capillary wedge, and arterial pressures may be 
required. Appropriate therapy with fluids, positive inotropic 
agents, balloon counterpulsation, or other treatment modalities 
should de instituted. if hypotension is associated with sinus 
bradycardia or AV block, treatment should be directed at re- 
versing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor sil be used with extreme caution in patients with 
bronchospastic disease. Because it is unknown to what ex- 
tent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. lf bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, agonist may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with im- 
paired hepatic function. 

Information for Patients 

Patients shouid be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following meals. 
lf a dose should be missed, the patient should take only the 
next scheduled dose (without doubling it). Patients should not 
discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined: (2) to contact the physician if any diffi- 
culty in breathing occurs: (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug interactions 

Catecholamine-depieting drugs (e.9., reserpine} may have an 
additive effect when given with beta-biocking agents. Patients 
treated with Lopressor plus a catecholamine depietor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo. syncope. or 
postural hypotension. 

Risk of Anaphylactic Reaction. While taking beta-blockers. 
patients with a history of severe anaphylactic reaction to a 
variety of allergens Mey be more reactive to repeated chai- 
lenge, either accidental, diagnostic, or therapeutic. Such 
patients may be unresponsive to the usual doses of epinephrine 
used to treat allergic reaction. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. in a 2-year study in rats at three oral 
dosage ievels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
of malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of ony mac- 
rophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. In a 21-month study in Swiss albino mice at three 
oral dosage levels of up to 750 mg/kg per day, benign jung 
tumors (smail adenomas) occurred more frequently in femaie 
mice receiving the highest dose than in untreated control ani- 
mals, There was no increase in malignant or total (benign pilus 
malignant) lung tumors, nor in the overall incidence of tumors 
or malignant tumors. This 21-month study was repeated in 
CD-1 mice, and no statistically or biologically significant dit- 
ferences were observed between treated and contro! mice of 
either sex for any type of tumor. 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells, a Salmoneila/ 
mammalian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuciei} were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category E . 
Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure ot the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers ; 
Lopressor is excreted in breast milk in very smali quantity, An 
infant consuming 1 liter of breast milk dally would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 


Pediatric Use , 
Safety and effectiveness in children have not been establish 
ADVERSE REACTIONS 

Hypertension and Angina 

Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 19 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache. nix 
mares, and insomma have also been reported. 

Cardiovascular: Shortness of breath and bradycardia ha 
occurred in approximately 3 of 100 patients. Cold extremitie 
arterial insufficiency, usually of the Raynaud type; paipitatir 
congestive heart failure; peripheral edema; and hypotension 
have been ere in about 1 of 100 patients. (See CON- 
TRAINDICATIONS. WARNINGS, and PRECAUTIONS.) 

ae titel Wheezing (bronchospasm) and capna ha 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinat: Diarrhea has occurred in about of 10¢ 
eral Nausea, dry mouth, gastric pain, constipation, — 
flatulence, and heartburn have been reported in about 1 of 1: 
patients. 

Hypersensitive Reactions: Pruritus or rash have occurre 
about 5 of 100 patients. Worsening of psoriasis has also-bey 
reported. uate 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 1002000 patients. Musculoskeletal pain, blur 
vision, and tinnitus have atso been reported. = =o 

There have beerrare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the drug 
be considered if any such reaction is not otherwise: explicab 

The oculomucocutaneous syndrome associated with the | 
blocker practoloi has not Deen reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sieep disturbances, halluci 
tions. headache, dizziness. visual disturbances, contusion, 
and reduced libido:have also been reported, but a drug rela- 
tionship is not clear. 

Cardiovascular: in the randomized comparison of Lopre: 
and placebo described in the CLINICAL PHARMACOLOGY s: 
tion, the following:adverse reactions were reported: 


Lopressor Piec 
Hypotension 27.4% 23. 
systolic BP 
< 90 mmHg) 
Bradycardia 15.9% G.: 
{heart rate 
< 40 beats/min} 
Second- or 4.7% 4. 
third-degree 
heart block 
First-degree $.3% 1, 
heart block 
(P-R = 0.26 seo) ; 
Heart faiiure 27.5% 29.1 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinai: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Oermatologic: Rash and worsened psoriasis have been ri 
ported, but a drug:relationship is not clear. 

Miscellaneous Unstable diabetes and claudication have 
been reported, buta drug relationship is not clear. 

Potential Adverse: Reactions 

A variety of adverse reactions not listed above have been re- 

gorse with other beta-adrenergic blocking agents and shou 
e considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversibie mental depression 
progressing to catatonia; an acute reversible syndrome char. 
terized by disorientation for time and piace, short-term 
memory loss, emotional iabil:ty, slightly clouded sensorium 
and decreased performance on neuropsychometrics. 

Cardiovascular: intensification of AV block (see CONTRA: 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pui 
pura. thrombocytepenic purpura. 

Hypersensitive Reactions: Fever combined with aching a 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
pues cases of overdosage have been reported, same leadi 

o death. 

Oral LDso’s (mg/kg): mice. 1158-2460: rats, 3090-4670. 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage w 
Lopressor are bradycardia. hypotension, bronchospasm, an 
cardiac failure, 

Treatment 
There is no specific antidote, 

In general, patients with acute or recent myocardial infarc: 
tion may be more hemodynamically unstable than other p 
tients and should be treated accordingly (see WARNINGS, | 
Myocardial Infarction). : 

On the basis of the pharmacolagic actions of Lopressor, th 
following general measures should be employed: 

Elimination of the Drug: Gastric lavage should be 
performed. l 

Bradycardia: Atropine should be administered, If there is- 
response to vagal blockade, isoproterenol should be adminis 
tered cautiously. : 

Hypotension: Avasopressor should be administered, e.g, 
levarterenol or dopamine. l ` ; 

Bronchospasm :A beta,-stimulating agent and/or a theo- 
st apie derivative should be administered. l 

ardiac Failure: A digitalis glycoside and diuretic should t 
administered. in shock resulting from inadequate cardiac cor 
tractility, administration of dobutamine, isoproterenol, or ` 
glucagon may be considered. 
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